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INSTITUTE  ANNOUNCEMENTS. 
Special  Notice. 

The  Bulletin  is  now  entered  at  the  Post  Office  at  Second-Class 
Postage  rate  of  one  cent  per  pound,  and  in  order  to  preserve  this 
privilege  it  is  necessary  that  the  dues  of  members  be  paid  within  four 
months  of  January  1  of  each  vear.  If  the  dues  are  not  paid  within 
the  period  mentioned,  a  member's  name  must  be  removed  from  the 
regular  subscription-list  and  the  Bulletin  mailed  at  the  transient 
second-class  postage  rate  of  one  cent  for  each  four  ounces  or  fraction 
thereof,  prepaid  bv  stamps  affixed.  It  is  therefore  earnestly  re- 
quested that  dues  be  paid  promptly — otherwise  the  Institute  will 
be  put  to  additional  expense  of  postage  and  to  added  labor  in  re- 
moving and  replacing  names  from  the  regular  list,  and  in  maintain- 
ing an  additional  separate  mailing-list. 


Adjourned  Annual  Business  Meeting  of  the 
Institute. 

At  the  Annual  Business  Meeting  of  the  Institute,  Feb.  20, 1912,  it 
was  voted  to  postpone  the  consideration  of  the  proposed  amend- 
ments to  the  Constitution  until  June  3,  1912,  and  the  meeting  ad- 
journed to  reconvene  on  that  date,  or  on  such  subsequent  date  as 
should  be  fixed  by  the  Special  Committee  of  Five  appointed  on 
Feb.  20,  and  the  Board  of  Directors  of  the  Institute,  acting  jointly. 

Due  to  various  causes,  including  absence  of  two  members  of  the 
Committee  in  Europe  for  two  months,  it  has  not  been  possible 
for  the  Special  Committee  of  Five  to  complete  its  report  in  time  for 
preliminary  distribution  to  members  of  the  Institute,  and  considera- 
tion by  them  prior  to  June  3, 1912,  and  it  has  been  mutually  agreed 
by  the  Special  Committee  and  the  Board  of  Directors  to  postpone 
the  date  at  which  the  adjourned  meeting  shall  be  reconvened  from 
June  3,  1912,  to  Oct.  7,  1912. 

By  order  of  the  Board  of  Directors, 

Joseph  Struthers, 

Asmtant  Secretary, 


Report  of  the  Committee  of  Five. 

The  report  of  the  Committee  of  Five,  authorized  at  the  Annual 
Business  Meeting  of  the  Institute,  Feb.  20, 1912,  to  study  the  afiairs 
of  the  Institute  (see  Bulletin  No.  63,  March,  1912,  p.  xviii.),  has 
been  received  by  the  Board  of  Directors,  and  by  them  has  been 
sent  to  the  entire  membership  of  the  Institute,  accompanied  with  a 
special  letter  of  transmittal. 
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Proceedings  of  the  Board  of  Directors. 

The  following  acts  of  the  Board  of  Directors  at  the  meeting 
held  June  28,  1912,  are  here  published  for  the  information  of  the 
members : 

Additional  appointments  to  the  Iron  and  Steel  Division  Com- 
mittee :  Albert  Sauveur  and  A.  A.  Stevenson. 

Appointment  of  a  special  Committee  to  confer  with  the  Committee 
of  Five  for  mutual  discussion  of : 

Proposed  Amendments  to  the  Constitution :  Joseph  W.  Richards, 
James  Douglas,  and  Hennen  Jennings. 

Appointment  of  special  committees  to  report  to  the  Board  of  Di- 
rectors on : 

Change  of  the  By-Laws:  Joseph  Struthers,  C.  KirchhoflF,  A.  R. 
Ledoux,  K.  Eilers,  and  E.  L.  Young. 

Life  Members:  Charles  F.  Rand,  James  Gayley,  and  George  C. 
Stone. 

Delinquent  Members:  Charles  F.  Rand,  James  Gayley,  and  George 
C.  Stone. 


Proceedings  of  the  Council. 

The  following  acts  of  the  Council  at  the  meeting  held  June  28, 
1912,  are  here  published  for  the  information  of  the  members : 

The  President  announced  the  appointment  of  a  Nominating 
Committee  consisting  of  Philip  N.  Moore,  John  Birkinbine,  D.  W. 
Brunton,  Seeley  W.  Mudd,  Charles  P.  Perin,  and  Arthur  L.  Walker, 
to  present  names  for  officers  of  the  Institute  to  be  voted  upon  at 
the  Annual  Business  Meeting,  Feb.  18,  1913. 

The  President  also  announced  the  appointment  of  a  Special  Com- 
mittee to  report  to  the  Council  on  : 

Method  of  Printing  the  Publiccdions  of  the  Institute :  Joseph  Struthers, 
Charles  Kirchhoff,  and  \V.  R.  Ingalls. 


Iron  and  Steel  Division. 

The  Committee  of  the  Iron  and  Steel  Division  is  prepared  to 
furnish  to  all  members  requesting  it  a  list  of  those  members  of  the 
Institute  who  are  interested  in  iron  or  steel. 

The  work  of  this  Committee  has  progressed  rapidly  and  already 
29  papers  on  iron  and  steel  are  being  prepared  for  publication  by 
the  Institute,  and  we  are  confident  that  there  will  be  a  large  at- 
tendance of  members  prominent  in  iron  and  steel  affairs  at  the 
next  meeting  of  the  Institute. 

The  following  is  a  list  of  papers  promised  : 

The  Heat-Treatment  of  Steel,  papers  by  Henry  M.  Howe,  R.  R. 
Abbott,  and  Mark  Ammon.  (The  two  latter  through  the  kind 
efforts  of  Prof.  Charles  H.  Fulton.) 
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The  Carbon-Iron  Diagram,  by  Henry  M.  Howe. 

A  Novelty  in  Onen-Hearth  Furnace-Practice,  by  N.  S.  MaccuUum. 

Blowing-ln  of  Blast-Furnaces,  by  Ralph  H.  Sweetser. 

On  Blast-Furnace  Air-Pressures,  by  J.  E.  Johnson. 

Charcoal  Pig-iron,  by  J.  E.  Johnson. 

On  Mayari  Steel  (author  announced  later). 

Iron-Ore,  by  Dwight  H.  Woodbridge  (further  title  later). 

Method  of  Surveying  and  Sampling  Diamond-Drill  Holes,  by  E. 
E.  White. 

The  Manufacture  of  Coke,  papers  by  F.  E.  Lucas,  W.  H.  Blauvelt, 
C.  W.  Andrews,  and  J.  De  Forrest. 

The  Influence  of  Titanium  on  the  Strength  of  Iron  Castings,  by 
Bradley  Stoughton. 

The  Iron-Mming  Interests  of  Lake  Superior,  by  Richard  A.  Parker. 

Cuyuna  Iron-Ore  Range,  by  Walter  A.  Barrows,  Jr.,  and  Carl  ZapfiFe. 

The  History  of  a  Crucible  Steel-Furnace,  which  has  made  an  ex- 
traordinary record,  by  E.  T.  Clarage. 

The  Use  of  Thermit  in  Iron  and  Steel  Metallurgy,  by  E.  A.  Beck. 

The  Concentration  of  Iron-Ores,  papers  by  N.  V.  Hansell  and  R. 
H.  Richards. 

The  Case-Hardening  of  Special  Steels,  by  Albert  Sauveur  and  G. 
A.  Rein  hard t. 

The  Heat-Treatment  of  Steel  Castings,  by  C.  D.  Young. 

The  Present  Status  of  Dry  Blast,  papers  by  James  Gayley  and 
Joseph  W.  Richards. 

The  Use  of  Schumacher  Briquettes  in  the  Johnstown  Blast- 
Furnaces,  by  Felix  A.  Vogel. 

Rational  Cupola-Practice,  by  Richard  Moldenke. 

The  Concentration-  and  Briquetting-Plant  of  the  Moose  Moun- 
tain, Limited,  by  Charles  E.  Herrmann. 

An  advance  copy  of  such  of  these  papers  as  are  in  print  can  be 
had  by  application  to  the  Secretary  of  tne  Institute. 

A  generous  response  was  made  to  the  circular  letter  asking  cer- 
tain members  to  secure  applications  from  their  friends  for  admis- 
sion to  the  Institute,  ana  already  a  large  number  of  applications 
have  been  received. 

It  is  believed  that  what  has  already  been  accomplished  bids  fair 
to  warrant  the  hope  expressed  in  a  former  circular,  to  the  eflfect 
that  the  usefulness  and  importance  of  the  Institute  in  technical 
iron  and  steel  matters  shall  become  in  the  future  even  greater  than 
in  the  past. 

The  co-operation  of  every  member  of  the  Institute  is  bespoken  to 
secure  as  members  all  iron  and  steel  men  who  would  be  desirable 
as  such.  The  Committee  further  desires  to  maintain  a  correspond- 
ence with  all  interested  members  on  the  subjects  referred  to  herein, 
and  will  greatly  appreciate  whatever  encouragement  it  receives. 

Yours  respectfully, 

Charles  F.  Rand,  Vice- Chairman, 
Bradley  Stoughton,  Secretary. 
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A  New  Volume  on  Ore-Deposits. 

Ore-DepositB — a  continuation  of  the  *'  Posepny  "  Volume. 

Comprising  Papers  Descriptive  of  Ore-Deposits  and  Discussions  of 
their  Origin,  Edited,  with  an  Introduction,  by  Dr.  S.  F.  Emmons. 
The  volume  contains  also  a  Biographical  Notice  of  Dr.  Emmons  by 
his  associate  and  friend,  Dr.  George  F.  Becker,  and  a  comprehensive 
Bibliographical  Index  of  the  Science  of  Ore-Deposits,  prepared  by 
Prof.  John  D.  Irving,  of  the  SheflSeld  Scientific  School  of  Yale  Uni- 
versity. Dr.  Emmons  had  finished  his  editorial  work  and  written 
his  Introduction  before  his  lamented  death  in  1910 ;  and  the  Volume 
contains  his  last  words  upon  the  subject  to  which  he  had  given  the 
work  of  his  life,  and  on  which  he  was  justly  regarded  as  the  foremost 
authority. 

Further  details  concerning  time  of  publication,  price,  etc.,  will 
follow. 

Spokane  Local  Section. 

The  next  meeting  of  the  Spokane  Local  Section  of  the  American 
Institute  of  Mining  Engineers  will  be  held  at  Republic,  Wash., 
July  26,  27,  and  28,  1912,  invitation  having  been  extended  by 
the  Citv  of  Republic  through  the  Mayor  of  the  City,  the  Commercial 
Club,  the  Mine  Owners  and  our  own  members  resident  there. 

L.  K.  Armstrong, 
Secretary. 

Joint  Meeting  of  the  Institute  and  the  International 
Congress  of  Applied  Chemistry. 

The  joint  meetings  with  Section  III.  A — Mining  and  Metallurgy — 
of  the  Eighth  International  Congress  of  Applied  Chemistry,  will  be 
held  at  Columbia  University,  New  York  City,  as  follows : 
Friday,  Sept.  6,  10  a.m.  to  12  m. ;  1  to  3  p.m. 

Topics :  Metallurgy  of  Iron,  Steel,  Copper,  Silver,  Lead,  etc. 
Saturday,  Sept.  7. 

Topics :  Electro-Metallurgy ;  in  connection  with  Section 
"  iflectro-Chemistrv  "  of  the  Congress. 
Numerous  lectures  and  entertainments  on  these  and  succeeding 
days  are  provided  for  members  of  the  Congress  only.  Mt  inbership 
in  the  Congress  costs  $5,  and  entitles  the  members  to  all  the  pro- 
ceedings of  the  Congress.  The  amount  may  be  sent  to  William  J. 
Matheson,  Treasurer,  182  Front  Street,  New  York  City. 


Certificate  of  Incorporation  of  the  Institute. 

By  special  request,  the  Certificate  of  Incorporation  of  the  Institute 
is  here  republished  for  the  information  of  the  membership  at  large. 
This  certificate  was  published  in  Transactionsy^o].  XXXVIII.,  p.  xvi., 
as  a  matter  of  official  record,  and  it  is  also  contained  in  the  separate 
pamphlet  of  the  Constitution  and  By-Laws  of  the  Institute,  which 
IS  sent  to  each  new  member  with  the  notice  of  election. 
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CERTIFICATE  OF  INCORPORATION. 


We  the  undereigned,  being  all  persons  of  full  age  and  citizens  of  the  United 
States,  and  a  majority  residents  of  the  State  of  New  York,  desiring  to  form  a  cor- 
poration pursuant  to  the  provisions  of  the  Membership  Corporations  Law  for  the 
purpose  of  incorporating,  as  provided  in  Section  5  of  Article  I.  of  said  law,  the 
existing  unincorporated  association  known  as  American  Institute  of  Mining  En- 
gineers, do  Iiereby  make,  acknowledge  and  file  this  Certificate  for  that  purpose, 
and  do  Certify  as  follows  : 

I.  That  the  American  Institute  of  Mining  Engineers  is  an  unincorporated  as- 
sociation organized  and  existing  with  the  object  of  promoting  the  arts  and  sci- 
ences connected  with  the  economic  production  of  the  useful  minerals  and  metals 
and  the  welfare  of  those  employed  in  these  industries  by  means  of  meetings  for 
social  intercourse  and  the  reading  and  discussion  of  professional  papers,  and  to 
circulate  by  means  of  publications  among  its  members  and  associates  the  informa- 
tion thus  obtained. 

II.  That  the  persons  duly  appointed  or  designated  to  manage  the  affairs  of 
said  association  are  designated  by  the  rules  thereof  Members  of  its  Council ;  that 
the  undersigned  are  all  members  of  said  Council  as  the  same  was  constituted  on 
the  29th  day  of  December,  1904. 

III.  That  on  said  last-mentioned  date  a  regularly  called  meeting  of  said  asso- 
ciation was  held  at  its  office  in  the  Borough  of  Manhattan,  City  of  New  York; 
that  thirty  days  before  such  meeting  notice  of  the  intention  to  incorporate  said 
association  was  given  by  mail  to  each  member  thereof  whose  residence  or  post- 
office  address  is  known ;  that  at  said  meeting  the  following  resolutions  were 
offered,  seconded  and  duly  adopted  by  the  unanimous  vote  of  all  its  members 
then  present,  to  wit : 

^^Ecsolvedf  That  it  is  the  sense  of  the  members  and  associates  of  the  American 
Institute  of  Mining  Engineers  in  general  meeting  assembled  that  it  is  desirable 
and  necessary  for  the  well  being  of  said  assi  ciation  and  its  members  and  for  the 
furtherance  of  the  objects  for  which  the  same  has  been  formed,  that  said  associa- 
tion incorporate  under  the  Membership  Corporations  Law  of  the  State  of  New 
York; 

And  Further  Resolvedf  That  the  Members  of  the  Council  of  this  Association,  or 
a  majority  thereof,  be  and  they  hereby  are  authorized,  in  accordance  with  the 
provisions  of  Section  5  of  Article  I.  of  the  Membership  Corporations  Law,  to  in- 
corporate this  association  for  the  same  purposes  for  which  it  has  been  organized 
and  conducted,  in  the  manner  provided  in  Article  11.  of  said  law ; 

And  Further  Resolved,  That  the  name  of  said  corporation  as  hereby  adopted  by 
this  meeting  shall  be  American  Institute  of  Mining  Engineers. 

And  Further  Resolved^  That  the  said  incorporators  shall  be  named  in  the  Certifi- 
cate of  Incorporation  as  directors  of  such  corporation  until  its  first  annual  meet- 
ing, and  that  such  directors  and  their  successors  in  office  shall  be  and  they 
hereby  are  authorized  to  enact  and  adopt  a  Constitution  and  By-Laws  for  the 
government  of  said  corporation. '* 

IV.  That  the  name  of  the  proposed  corporation  is  American  Institute  of  Min- 
ing Engineers. 
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V.  That  the  purposes  for  which  this  corporation  is  to  be  formed  are  :  To  pro- 
mote the  arts  and  sciences  connected  with  the  economic  production  of  the  useful 
minerals  and  metals  and  the  welfare  of  those  employed  in  these  industries  by 
means  of  meetings  for  social  intercourse,  and  the  reading  and  discussion  of  pro- 
fessional papers,  and  to  circulate  by  means  of  publications  among  its  members 
the  information  thus  obtained  ;  and  to  establish  and  maintain  a  place  of  meeting 
for  its  members  and  a  hall  for  the  reading  of  papers  and  delivery  of  addresses, 
and  a  library  of  books  relating  to  subjects  cognate  to  the  sciences  and  arts  of 
mining  and  metallurgy. 

VL  That  the  territory  in  which  the  operations  of  this  corporation  are  to  be 
principally  conducted  is  the  United  States  of  America,  and  the  principal  offioe 
for  the  transaction  of  its  affairs  is  to  be  located  in  the  City,  County  and  State  of 
New  York. 

VI I.  That  the  duration  of  this  corporation  is  to  be  perpetual. 

VIII.  That  the  number  of  directors  of  this  corporation  is  to  be  nine.  At  its 
first  annual  meeting  three  directors  shall  be  elected  to  serve  for  one  year ;  three 
directors  shall  be  elected  to  serve  for  two  years,  and  three  directors  shall  be 
elected  to  serve  for  three  years.  At  each  subsequent  annual  meeting  so  many 
directors  only  shall  be  elected  as  shall  be  necessary  to  fill  vacancies  then  existing 
in  the  Board  ;  and  each  director  then  chosen  shall  be  elected  to  serve  for  three 
years,  unless  the  vacancy  which  he  shall  be  chosen  to  fill  was  caused  otherwise 
than  by  expiration  of  the  former  incumbent's  term  of  office,  in  which  event  he 
shall  be  elected  to  serve  for  the  balance  of  his  predecessor's  unexpired  term. 

IX  That  the  tiire  for  holding  the  annual  meeting  of  this  corporation  shall  be 
the  third  Tuesday  of  February  in  each  year. 

X.  That  the  names  and  post-office  addresses  of  'the  subscribers  hereto  who  are 
to  be  directors  of  this  corporation  until  the  first  annual  meeting  are 

Names.  Post-Office  Addresses. 

James  Gay  ley, 71  Broadway,  Sew  York  City  ; 

Frank  Lyman, 88  Wall  Street,  New  York  City  ; 

James  F.  Kemp, Columbia  University,  New  York  City ; 

Charles  H.  Snow, New  York  University,  New  York  City ; 

Frank  Klepetko, 24  State  Street,  New  York  City ; 

Thomas  A.  Rickard,    .    .    .  261  Broadway,  New  York  City  ; 

James  I)i)Uglas, 99  John  Street,  New  York  City ; 

Albert  R.  Ledoux,    ....  99  John  Street,  New  York  City ; 
Rossiter  W.  Raymond,    .    .  99  John  Street,  New  York  City. 

The  above  certificate,  dated  December  30,  1904,  was  signed  and  acknowledged 
by  the  subscribers  before  William  A.  Lockwood,  Notary  Public  (No.  74;,  New 
York  County. 

I,  the  undersigned  Justice  of  the  Supreme  Court  of  the  State  of  New  York,  do 
hereby  approve  of  the  above  Certificate  of  Incorporation  of  the  American  Insti- 
tute of  Mining  Eugineers,  and  do  authorize  the  same  to  be  filed. 

Samuel  Greexbaum, 

Justice  of  the  Supreme  CovrL 
January  7, 1906. 


Digitized  by 


Google 


X  Monthly  Bulletin,  No.  67,  July,  1912. 

Library   Research-Work. 

The  attention  of  members  of  the  Institute  is  again  directed  to  the 
research-work  done  by  the  librarian  and  his  assistants,  which  should 
attract  special  attention  from  those  members  who  have  no  access  to 
the  literature  of  subjects  in  which  they  may  be  interested. 

During  the  year  1911  there  were  143  searches  made  for  members 
and  non-members  of  the  Founder  Societies,  and  copies  of  the  ref- 
erences have  been  preserved  for  the  use  of  others.  This  work  has 
been  largely  based  on  requests  sent  in  by  mail,  from  Japan,  South 
Africa,  Mexico,  Canada,  and  England,  as  well  as  from  different  parts 
of  the  United  States.  The  Librarian  is  confident  that  if  it  were 
more  widely  known  that  the  library  is  equipped  to  undertake  re- 
searches, the  demand  would  increase  beyond  the  ability  of  the 
present  force  to  handle  it.  The  library  receives  more  than  700  tech- 
nical periodicals  which  are  available  through  the  indexes  for  this 
special  purpose. 


Back  Volumes  of  the  Transactions. 

The  Board  of  Directors  has  authorized  the  following  offers  of  sets 
of  back  volumes  of  the  Transactions,  at  considerably  reduced  prices, 
to  Members,  Libraries,  and  Scientific  Societies : 

Per  Set. 

I.  Five  volumes,  bound  in  half-morocco,  from  No.  36  (1906) 

to  No.  40  (1910), $20 

II.  Ten  volumes,  bound  in  half-morocco,  from  No.  31  (1902) 

to  No.  40  (1910),  including  Mexican  Volume,    .        .      35 

III.  Twenty  volumes,  bound  in   half-morocco,  from  No.  21 

(1893)  to  No.  40  (1910), 50 

IV.  Thirty  volumes,  bound  in  half-raorocco,  from   No.  11 

(1883)  to  No.  40(1910), 60 

V.  Thirty-nine  volumes,  bound  in  half-morocco,  from  No.  1 
(1873)  to  No.  40  (1910),  with  the  exception  of  No.  10 
(1882),  but  including  index  for  Volumes  Nos.  1  to  35, 

and  Nos.  36  to  40, 75 

VI.  Nine  volumes,  bound  in  half-morocco,  from  No.  1  (1873) 

to  No.  9  (1881), 25 

Applications  should  be  addressed  to  Joseph  Struthers,  Secretary, 
29  West  39th  Street,  New  York,  N.  Y. 


The  Emmons  Research  Fellowship  of  Economic 

Geology. 

The  Committee  named  below  has  been  formed  by  friends  of 
Samuel  Franklin  Emmons,  late  of  the  United  States  Geological 
Survey,  to  consider  the  best  method  of  perpetuating  his  name.  It 
has  been  decided  that  the  memorial  to  him  shall  take  the  shape  of 
a  Research  Fellowship,  to  be  known  as  the  Samuel  Franklin 
Emmons  Research  Fellowship  of  Economic  Geology,  which  is  to  be 
administered  by  Prof.  James  F.  Kemp,  of  Columbia  University, 
New  York.  Subscriptions  are  invited  by  his  friends  to  this  fund, 
which  the  Committee  has  fixed  at  $25,000. 
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Members  of  the  Institute  who  desire  to  contribute  to  this  fund 
will  please  communicate  with  the  Treasurer,  Benjamin  B.  Lawrence, 
60  Wall  Street,  New  York. 

The  Committee  consists  of  the  following : 

George  Otis  Smith,  Director,  U.  S.  Geological  Survey,  Wash- 
ington, D.  C. 

H.  L.  Smyth,  Harvard  University,  Cambridge,  Mass. 

James  Douglas,  99  John  Street,  New  York,  N.  Y. 

J.  A.  Holmes,  Director,  Bureau  of  Mines,  Washington,  D.  C. 

James  F.  Kemp,  Columbia  University,  New  York,  N.  Y. 

F.  W.  Bradley,  San  Francisco,  Cal. 

J.  Parke  Channing,  42  Broadway,  New  York,  N.  Y. 

Seeley  W.  Mudd,  1001  Central  Building,  Los  Angeles,  Cal. 

D.  W.  Brunton,  Denver,  Colo. 

H.  Foster  Bain,  420  Market  Street,  San  Francisco,  Cal. 

T.  A.  Rickard,  London,  England. 

B.  B.  Lawrence,  60  Wall  Street,  New  York,  N.  Y. 


Affiliated  Student  Societies. 

Any  society  of  undergraduates  at  a  technical  school,  comprising 
students  in  any  branch  of  engineering,  metallurgy,  chemistry,  geol- 
ogy, etc.,  may  be  recognized  by  the  Council  in  its  discretion  as  an 
Affiliated  Student  Society.  A  circular  giving  details  of  the  plan  of 
affiliation  may  be  obtained  on  application  to  the  office  of  the  Sec- 
retary of  the  Institute. 

The  following  societies  have  been  placed  by  authority  of  the 
Council  on  the  above  list : 

Affiliated  Student  Societies. 

The  Mining  Society  of  the  Sheffield  Scientific  School,  Yale  University,  New 
Haven,  Conn.     PresideTUf  Karl  C.  Stadtmiller ;  Secretaryj  S.  B.  Gordy. 

The  University  of  Illinois  Student  Branch  of  the  American  Institute  of  Mining 
Engineers,  Champaign,  111.   President,  Leonard  V.  Newton  ;  Se^iretary^  L.  W.  Swett. 

The  Engineering  Society  of  the  University  of  Nevada,  Beno,  Nev.  PrmderUj 
D.  £.  Bruce ;  Secretary^  R*.  M.  Seaton. 

The  University  of  Wisconsin  Mining  Club,  Madison,  Wis.  President,  Rudolph 
J.  Stengl ;  Secretary ,  Mack  C.  Lake. 

The  Mining  and  Greological  Society  of  Lehigh  University,  South  Bethlehem, 
Pa.     President,  William  E.  Fairhurst ;  Secretary ,  Carl  W.  Mitman. 

The  School  of  Mines  Society  of  the  University  of  Minnesota,  Minneapolis, 
Minn.     President,  Emory  P.  Baker. 

The  Mining  Engineering  Society  of  the  Massachusetts  Institute  of  Technology. 
Pre»ident^  L.  B.  Ihike ;  Secretary,  Lionel  H.  Lehmaier. 

The  Student  Auxiliary  Society  of  the  American  Institute  of  Mining  Enffiueers 
of  the  University  of  Kansas,  Lawrence,  Kan.  President,  A.  H.  Mangelsdorf ; 
Secretary ^  C.  J.  Hainbach. 

The  Associated  Miners  of  the  University  of  Idaho,  Moscow,  Idaho.  President, 
James  W.  Gwinn  ;  Secretary,  J.  Wallace  Strohecker. 

The  State  College  of  Washington  Mining  and  Geological  Society,  Pullman, 
Wash.    President^  H.  R  Doelle ;  Secretary,  B.  R.  Kinney. 

The  Tejas  Technical  Society,  School  of  Mines,  University  of  Texas.  Presi- 
dent, G.  C.  Cartwright ;  Secretary,  David  S.  Alley. 

The  Ohio  State  University  Student  Branch  of  the  American  Institute  of  Mining 
Engineers,  Columbus,  Ohio.     President,  Hugh  B.  Lee  ;  Secretmy,  E.  P.  Elliott. 
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The  Stanford  Geology  and  Mining  Society,  Stanford  University,  Cal.  President^ 
B.  E.  Parsons ;  Secretary,  E.  D.  Nolan. 

The  Senior  Mining  Society  of  Columbia  University,  New  York,  N.  Y.  PreMentf 
Boger  L.  Strobel ;  JSecretary,  Clark  G.  Mitchell 

Mining  Association  of  the  University  of  California,  Berkeley,  CaL  iVesi- 
denly  Frank  L.  Wilson  ;  Secretary,  Stanley  L.  Amot. 

Tafts  College  Chemical  Society,  Tufts  College,  Mass.  President,  P.  G.  Savage ; 
Secretary,  W.  S.  Frost. 

University  of  Washington  Mining  Society,  Seattle,  Wash.  President,  Horace 
H.  Crary  ;  Secretary^  Clinton  R.  Lewis. 

Student  Branch  of  the  American  Institute  of  Mining  Engineers,  Iowa  State 
College,  Ames,  Iowa.     President,  M.  B.  Had  ley  ;  Secretary,  R.  L.  Hurst. 

Missouri  Mining  Association  of  the  Missouri  School  of  Mines,  Rolla,  Mo. 
Presidertt,  D.  L.  Forrester;  Secretary,  J.  S.  Irwin. 

The  Pick  and  Shovel  Club  of  the  Case  School  of  Applied  Science,  Cleveland, 
Ohio.     President,  L.  B.  Riddle ;  Secretary,  S.  C.  Stillwagon. 

Colorado  School  of  Mines  Scientific  Society,  Golden,  Colo.  President,  Alan 
Kissock  ;  Secretary,  George  Wilfley. 

Mining  Engineering  Society  of  the  University  of  Arizona,  Tucson,  Ariz.  Presi- 
dent, James  J.  Flanigan  ;  Secretary,  H.  O.  Coles. 


How  to  Use  the  "Transactions"  of  the  Institute. 

Buy  a  capy  of  the  Complete  Analytical  and  Alphabetical  Index  of  Vol- 
ume3  L  to  A XXV.,  inclusive;  also  the  new  Index  of  Volumes  XXX VL  to 
XL, 

Whether  you  do  or  do  not  own  a  full  set  of  the  Transactiom,  these 
Indexes  will  make  all  of  the  material  contained  in  the  forty  volumes 
available  at  once  without  detailed  research  into  each  volume  sepa- 
rately. Moreover,  an  easy  search  will  show  what  particular  papers 
you  need  to  know  more  about,  and  perhaps  to  study.  Thus,  any 
person  possessing  these  Indexes  can  ascertain  at  once  what  has  been 
published  in  the  Transactions  on  a  given  question,  and  can  learn,  by 
writing  to  the  Secretary,  what  is  its  nature,  whether  it  is  still  to  be 
had  in  pamphlet  form,  where  it  can  be  consulted  in  a  public  library, 
at  what  cost  it  can  be  copied  by  hand,  etc.,  etc. 

In  short,  to  those  who  own  complete  sets  of  the  Transactions,  these 
Indexes  will  be  a  great  convenience ;  but  to  those  who  do  not,  they 
will  be  a  professional  necessity. 

The  Index  Volumes  I.  to  XXXV.  is  an  octavo  of  706  pages,  con- 
taining more  than  60,000  entries,  duly  classified  with  sub-headings, 
and  including  abundant  cross-references.  The  limited  edition  is 
becoming  exhausted.  The  new  Index,  Volumes  XXXVI.  to  XL., 
supplementing  the  Index  Volumes  I.  to  XXXV.,  brings  the  classi- 
fied references  up  to  the  date  of  Volume  XL.,  June,  1910.  Prices: 
Index  Volumes  I.  to  XXXV.,  bound  in  cloth,  85;  bound  in  half- 
morocco,  to  match  the  Transactions,  86.  Index  Volumes  XXXVI. 
to  XL.,  bound  in  cloth,  81.50;  bound  in  half-morocco,  82.50. 
The  delivery  charges  will  be  paid  by  the  Institute  on  receipt  of  the 
above  price. 
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LIBRARY. 

American  Institute  of  Electrical  Engineers. 
American  Society  of  Mechanical  Engineers. 
American  Institute  of  Mining  Engineers. 
United  Engineering  Society. 

William  P.  Cutteh,  Librarian. 

The  libraries  of  the  above-named  Societies  are  open  from  9  a.m. 
to  9  p.m.  on  all  week-days,  except  holidays,  from  September  1  to 
June  30,  and  from  9  a.m.  to  6  p.m.  during  July  and  August. 

The  Library  contains  about  42,000  volumes,  including  sets  of  tech- 
nical periodicals  and  the  publications  of  scientific  and  technical 
societies. 

The  members  of  the  Institute,  with  few  exceptions,  are  by  the 
very  nature  of  their  prbfession  forced  to  spend  a  large  portion  of 
their  time  in  localities  isolated  from  sources  of  information.  To 
such  members  the  Library  can  render  valuable  service  through  cor- 
respondence, and  letters  requesting  information  will  receive  special 
attention.  The  Library  is  prepared  to  furnish  references  and  copies 
of  articles  on  mining  and  metallurgical  subjects ;  to  determine,  if 
possible,  the  existence  of  mining-maps,  and  to  furnish  general  in- 
formation as  to  the  geology  and  mineral  resources  of  all  countries 
as  far  as  these  resources  are  known  and  published. 

It  is  hoped  that  the  members  of  the  Institute  will  avail  them- 
selves freely  of  this  special  service.  The  Library  will  welcome  in- 
quiries on  engineering  subjects,  and  furnish  information  as  far  as 
such  information  is  to  be  obtained. 

All  communications  should  be  made  as  definite  as  possible  so  that 
the  information  received  may  be  what  is  desired  and  not  include 
collateral  matter  which  may  not  be  of  interest.  In  this  wav  the  time 
spent  in  searching  for  such  collateral  matter  will  be  saved,  and  as  a 
result  the  information  will  be  sent  more  promptly  and  in  more  usable 
shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by 
forwarding  copies  of  mining-reports,  maps  privately  issued,  and 
similar  material,  which  will  be  classified,  indexed,  and  made  avail- 
able to  other  members. 

Suggestions  for  additions  to  the  Library,  either  by  purchase  or 
personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that 
members  while  in  the  city  will  use  the  Library  freely,  and  assur- 
ance is  given  that  most  careful  service  will  be  rendered  to  them. 
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Library  Accessions. 

June  1  to  June  30,  1912. 

[Copies  of  the  list  of  additions  to  the  Libraries  of  the  American  Society  of 
Mechanical  Engineers  and  the  American  Institute  of  Electrical  Engineers  can 
be  obtained  on  application  to  the  Secretary  of  the  American  Institute  of  Mining 
Engineers.] 

American  Institute  of  Mining  Engineers.  Transactions.  Vol.  XLII.  New 
York,  1912. 

AsociAciON  de  Ingenieros  y  Arquitectos  de  Mexico.  An  ales.  Torao  XIX. 
Mexico,  1912.     (Exchange.) 

Belgium.  Minist^re  de  L* Industrie  et  du  Travail.  Statistique  Retrospec- 
tive des  Industries  Extractives  et  M^tallurgiaues  en  Belgique,  1901-1910. 
Bnixelles,  1912.     (Gift  of  Annales  des  Mines  de  Belgique.) 

Bergwerks  Inspektion  in  Osterreich,  1907,  1908.  Wien,  1911,  1912.  (Ex- 
change. ) 

Boston.  Public  Library.  Annual  Report  of  the  Trustees,  60th.  Boston,  1912. 
(Exchange.) 

Canada.  Commission  of  Conservation.  Lands,  Fisheries  and  Game — Minerals, 
1911.     Ottawa,  1911.     (Gift  of  A.  R.  Lfdoux.) 

Canada.  Mines  Department.  Investigation  of  the  Coals  of  Canada.  Vols* 
I.-II.     Ottawa,  1912.     (Exchange.) 

Canadian  Mining  Institute.  Journal.  Vol.  XIV.  Montreal,  1911.  (Ex- 
change. ) 

Carnegie  Library  of  Pittsburgh.  Annual  Report,  16th.  Pitisburgh,  1912. 
(Exchange.) 

Carta  General  de  la  Republic  a  Mexicana.  1910.  (Gift  of  Mexico  Min- 
isterio  de  Fomento. ) 

Charts  of  Organization  of  all  Depabtments  of  the  City  of  Chicago,  as  in 
Effect  February,  1912.     (Gift  of  Chicago  Civil  Service  Commission.) 

Chicago.  Board  of  Supervising  Engineers  Chicago  Traction.  Annual 
Report,  3d.    Chicago,  1911.     (Gift  of  Bion  J.  Arnold.) 

CoNGRESO  CiESTiFico  (1°  Pan  Americano).  Cicncias  Naturales,  Antropologicas 
7  Etnologicas.  Toiuo  I.  Santiago  de  Chile.  1911.  (Gift  of  Congreso  Ci- 
entiBco,  1°  Pan  Americano.) 

CONTBIBUTO  ALLA  NOMENCLATUBA  UNIFORMS  DEI    PRODOTTI  SIDERURGICI.      Pro- 

poste,  per  la  terminologia  italiana,  al  IV  Congresso  della  Association  inter- 
nazionale  per  le  prove  dei  materiali.  Milano,  1912.  (Gift  of  Associazione 
fra  gli  Industriali  Metallurgici  Italiani. ) 

Cupola  Furnace,  a  Practical  Treatise  on  the  Construction  and  Man- 
agement OF  Foundry  Cupolas.  By  Edward  Kirk.  Philadelphia,  1910. 
(Purchase.) 

Design  of  Mine  Structures.  Bv  M.  S.  Ketchum.  New  York,  19  J  2.  Price, 
H  net.     (Gift  of  McGraw-Hill  Book  Co.) 

[Note. — Apart  from  problems  of  economic  geology  and  of  ore-dressing,  mine- 
engineering  is  simply  civil,  mechanical  and  inow-a-days  also)  electrical  engineer- 
ing, practiced  in  connection  with  mining,  and  therefore  under  peculiar  conditions, 
especiallv  those  of  work  underground.  Yet  each  of  these  departments  of  engi- 
neering nas  become  so  wide  and  so  complicated  that  special  treatises,  dealing  with 
its  relations  to  mining,  are  needed,  and  therefore  warranted.  This  book,  for  in- 
stance, is  the  work  of  a  civil  engineer,  and  deals  with  problems  of  civil  engineer- 
ing. The  author.  Professor  of  Civil  Engineering  in  the  University  of  Colorado, 
has  already  won  professional  recognition  by  his  books  on  the  design  of  walls,  bins, 
and  grain-elevators  ;  the  design  of  highway  bridges  and  the  calculation  of  stresses 
in  bridge-trusses  ;  the  desi^  of  steel-frame  buildings  and  the  calculation  of  their 
stresses,  etc. ;  and  this  work  is  another  contribution  in  the  same  line,  dealing  par- 
ticularly with  such  structures  as  the  mining  engineer  is  called  upon  to  erect. 


Digitized  by 


Google 


American  Institute  op  Mining  Engineers.  xv 

Under  the  head  of  mine-8trucCnreS|  Professor  Ketchum  includes  head-works  for 
mining-shafts  ;  methods  and  apparatus  of  hoisting  ;  and  coal-tipples,  breakers, 
and  washers.  But  his  treatment  of  these  topics  includes  a  thorough  discussion 
of  the  calculation  of  strains  in  all  such  structures,  and  also  in  orainary  mine- 
buildings,  including  a  consideration  of  timber  structures,  and — what  is  perhaps  the 
most  important  and  timely  of  all  his  contributions  to  current  practice — a  special 
consideration  of  reinforced-concrete  structures.  Not  only  theoretical  formulas, 
but  also  suggested  specifications,  are  given  for  each  material. — K.  W.  B.] 

Dictionary  op  Applied  Chemistry.     Vol.  II.    By  Edward  Thorpe.    London, 

1912.     (Purchase.) 
Earnexg  Power  op  Railroads,  1912.      Compiled  and  edited  by  F.  W.  Mundy. 

New  York,  James  H.  Oliphant  &  Co. ,  1912.     (Gift  of  Publishers. ) 

[Note.  —This  book  contains  chapters  on  Income  Account ;  Operating  Expenses ; 
Maintenance  Expenses  ;  Traffic  ;  Transportation  and  Oenerai  Expenses  ;  The  Op- 
erating Itatio  ;  Fixed  Charges ;  Stock  Outstanding  in  its  Relation  to  Earning 
Power  ;  Guarantees,  and  their  Relation  to  Surplus  Available  for  Dividends  ;  and 
statistical  tables  for  154  railroads  in  the  United  States,  Canada,  Mexico,  Cuba,  and 
Pnnama.  These  figures  are  primarily  useful  to  investors  ;  but  in  these  days,  when 
everybody  is  attacking  transportation-companies  as  the  guilty  factors  in  *' social 
injustice  "  and  the  high  cost  of  living,  they  may  serve  to  furnish  to  some  parties 
a  legitimate  support  for  their  complaints,  and  to  other  parties  a  much-needed  correc- 
tive of  their  recKless  and  ignorant  statements. — R.  W.  R.] 

Earthquakes  at  Yakut  at  Bay,  Alaska,  in  September,  1899.  (Professional 

Paper  No.  69,  U.  S.  Geological  Survey.)     Washington,  1912.  (Exchange.) 

EiNFUHRUNQ  IN  DIE  Markscheidekunde.  By  L.  Miutrop.  Berlin,  1912. 
(Gift  of  J.  Springer. ) 

[Note. — This  manual  of  216  pp.,  with  191  illustrative  diagrams  and  several 
colored  pLtes,  has  been  prepared,  like  so  many  other  excellent  text-books,  to  meet 
the  requirements  of  actual  experience  in  teaching.  The  author  is  an  instructor 
in  the  well-known  mining-schnol  at  Bochum,  in  Westphalia,  and  the  purpose  of 
his  work  is  to  furnish  to  prospective  mine- foremen  and  officials  a  sufficient  prepara- 
tory knowledge  of  the  theory  and  practice  of  surveying  to  qualify  them  for  the 
IL'Osiiions  to  which  they  may  be  called.  While  this  purpose  naturally  leads  to  the 
treatment  in  special  detail  of  the  problems  and  methods  of  the  Westphalian  coal- 
field, it  involves  also  a  clear  statement  of  the  principles  of  measurement,  calcula- 
tion and  graphic  representation  underlying  all  systems  of  mine-surveying  and 
n[iine-mapping.  The  plan  of  the  book  might  well  be  imitated  in  other  manuals  of 
its  class  ;  and,  apart  from  this  use,  it  conveys  incidentally  to  all  mine-surveyors 
an  interesting  and  helpful  view  of  the  practice  of  their  art  as  it  is  actually  carried 
on  in  one  of  the  most  thoroughly  equipped  and  most  scientifically  developed  and 
exploited  coal-mining  districts  of  the  world.  The  apparatus  and  operations  repre- 
sented in  the  leadii*g  collieries  of  Westphalia  are  sure  to  be,  for  their  conditions, 
up-to-date,  and  worthy  of  consideration. — R.  W.  R.] 

Die  Erzlaoerstatten  der  Vereinigten  Staatbn  von  Nordamerika.  Bv 
C.  L.  Henning.     Stuttgart,  1911.     (Purchase.) 

ExAjnNATiON  OF  PROSPECTS.  A  Mining  Geology.  By  C.  G.  Gunther.  New 
York,  McGraw-Hill  Book  Co. ,  1912.     (Purchase. ) 

Gemeinfassliche  Darstellung  des  Eisenhuttenwesens.  8.  Auflage.  Dus- 
seldorf,  1912.     (Gift  of  Verein  deutscher  Eisenhiittenleute. ) 

Geology  and  Mineral  Resources  op  the  Peoria  Quadrangle,  Illinois. 
(Bulletin  No.  506,  U.  S.  Geological  Survey.)  Washington,  1912.  (Ex- 
change.) 

Grundzijge  DBS  Eisenhuttenwesens.  1.  Band.  By  Th.  Geilenkirchen.  Ber- 
lin, 1911.     (Purchase.) 

Institute  OP  Metals.    Journal.     Vol.  VII.     London,  1912.     (Exchange.) 

International  Cable  Register  of  the  World,  1912.  New  York,  1912. 
(Gift  of  International  Cable  Directory  Co. ) 
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J  AHRESBEBICHT  UBER  DIE  LeISTUNOEN  DEB  ChEMISCHEK  TeCHKOLOOIE  FUR  DAS 

JAHR  1911.     1.  Abteilung:  Organischer  Tell.     Leipzig,  1912.     (Parchase.) 

John  Crerar  Library.  Annual  Eeport,  ITth,  1911.  Chicago,  1912.  (Ex- 
change. ) 

EoLLOiDOHEMiE  EiN  Lehrbuch.  Bj  Kichard  Zsigmondy.  Leipzig,  1912. 
.(Exchange.) 

KuRZE  Analysen  Vorschriften.  By  Ernest  Pancke.  Halle  a/S. ,  1912.  (Pur- 
chase. ) 

Lehrbuch  der  Chemischen  Technologie  ukd  Metallurgie.  By  Bemhard 
Neumann.     Leipzig,  1912.     (Purchase.) 

Map  of  North  Carolina.     1911.     (Exchange.) 

Metal  Statistics,  1912.     New  York,  1912.     (Purchase.) 

Mineralogical  Notes,  Series  2.  (Bulletin  No.  509,  U.  S.  Geological  Survey. ) 
Washington,  1812.     (Exchange.) 

Mining  Laws  of  the  State  of  Montana.  Compiled  from  the  Revised  Codes  of 
1907  and  Session  Laws  of  1909-1911.     N.  p.,  1911.     (Exchange.) 

Mysore  Geological  Department.  Report  of  the  Chief  Inspector  of  Mines, 
1909-1910.    Madras,  1912.     (Exchange.) 

Die  Nassbagger  und  die  BaggereihilfsgerXte.  By  M.  Paulmann  und  R. 
Blaum.     Berlin,  1912.     (Purchase.) 

New  Jersey.  Geolo«ical  Survey.  Annual  Administrative  Report  of  the 
State  Geologist,  1911.     (Bulletin  No.  6.)    Trenton,  1912.     (Exchange.) 

New  South  Wales.  Department  op  Mines.  Annual  Report,  1911.  Syd- 
ney, 1912.     (Exchange.) 

Ontario.  Mining  Act  of  Ontario  (1908)  with  Amendments  to  1912.  Toronto, 
1912.     (Gift  of  Toronto  Department  of  Forests  and  Mines.) 

Open  Hearth  Steel  Castings.  By  W.  M.  Carr.  Cleveland,  1907.  (Pur- 
chase. ) 

Philippine  Islands.  Bureau  of  Science.  Annual  Report,  10th.  Manila, 
1912.     (Exchange.) 

Polytechnic  Engineer.  1906,  1906-1907,  1912.  Brooklyn,  1906-1907, 1912. 
(Gift  of  Polytechnic  Institute  of  Brooklyn.) 

[Note. — This  interesting  publication,  issued  annually  by  the  underfi:raduates  of 
the  Polytechnic  Institute  of  Brooklyn,  contains  many  papers  creditable  to  their 
authors  and  interesting  to  engineers.  The  recent  liberal  endowment  of  the  Brook- 
Ivn  Polytechnic,  through  the  generous  subscriptions  of  Dr.  W.  H.  Nichols,  Preei- 
Jent  of  its  Board  of  Trustees,  and  his  associates  in  that  Board,  together  with 
other  public-spirited  citizens,  has  assured  the  success  of  an  experiment  which  has 
been  carried  on  for  years,  at  great  expense,  and  in  the  face  of  many  discourage- 
ments, for  the  purpose  of  determining  whether  a  technical  school  of  the  first  cla^is 
could  be  maintained  in  the  Borough  of  Brooklyn.  Dr.  Nichols  and  President 
Atkinson  are  to  be  particularly  congratulated  on  the  way  in  which  this  victory 
has  been  achieved,  not  merely  by  soliciting  financial  support  upon  the  strength  of 
appeals  to  local  pride  and  promises  of  great  things  to  be  done  in  the  future,  but  by 
steadily  continuing  enlarging  and  improving  the  operations  of  the  Institute,  and 
proving  practically,  year  after  year,  its  acknowledged  and  growing  efficiency.  Its 
large  faculty  of  instruction  cmnprises  many  illustrious  names  ;  its  courses  are  ad- 
mirably arranged  ;  and  its  students  have  the  advantaj^e  of  the  personal  attention 
and  friendly  aid  of  professors,  to  a  degree  not  practicable  in  larger  institutions.  It 
has  thus  demonstrated  beforehand  that  it  well  deserves  and  can  effectively  employ 
the  new  powers  now  bestowed  u|X)n  it  by  those  who  have  watched  it  closely  and 
know  it  thoroughly,  as  an  institution  which  not  only  teaches  engineering,  but 
makes  engineers. — R.  "W.  R.] 

Probenahme  und  Analyse  von  Eisen  und  Stahl.    By  O.  Bauer  and  E.  Diess. 

Berlin,  1912.    (Purchase.) 
Queensland.  Geological  Survey.    Publication  No.  231,  235.   Brisbane,  1911. 

(Exchange.) 
Rhodesia  Chamber  of  Mines.     Annual  Report,  17th,  1911.     Bulawayo,  1912. 

(Exchange.) 
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Tables  Annuelles  de  Constantes  et  Donnees  Numeriques  de  Chimie,  de 
Physiqce  ET  DE  Techkologie.     VoI.  I.     Paris,  1912.     (Purchase.) 

Taschenbuch  Ft7R  Bbromakner.  Bv  Hans  Hofer.  3d  ed.  2  vols.  L.  Nu8&- 
ler,  Leoben,  1911.     (Gift  of  Publisher.) 

[Note. — The  first  edition  of  this  famous  little  manual  appeared  lo  years  ago. 
Since  that  time,  the  raw  materials,  methods  and  apparatus  or  niin  ng  have  greatly 
changed,  so  that  this  third  edition  of  Hdfer's  manual  has  had  to  be  rewritten  and 
enlarged,  with  the  aid  of  many  experts,  and  now  appears  in  two  volumes,  cover- 
ing together  1152  pages.  Vol.  I.  contains  chapters  on  mineralogy,  geology  and 
ore-deposits ;  prospecting,  boring  and  sloping ;  mechanical  mining  ;  mine-work- 
ings; methods  of  exploitation  ;  timbering  and  masonry;  haulage  and  hoisting; 
ventilation  ;  and  the  valuation  of  mining  enterprises.  Vol.  II.  treats  of  machin- 
ery for  various  purposes  connected  with  mining ;  the  mechanical  preparation  of 
ores  and  coal ;  coking  ;  the  briquf  tting  of  fuel  an<i  of  ore  ;  mine-surveying  ;  and 
electrical  engineering  in  connection  with  mines.  In  the  Engineering  and  Mining 
Journal  for  Sept.  16,  1911,  t  expressed  my  judgment  of  both  the  limitations  and 
the  positive  merits  of  this  book,  as  measuring  its  value  to  American  students  and 
mining  engineers.  Referring  to  that  review  those  who  may  desire  a  more  critioal 
estimate  of  it,  I  will  here  only  repeat  my  recognition  of  its  unquestionable  profes- 
sional value,  and  mv  congratulations  of  the  veteran  author  upon  this  new  evidence 
of  his  fruitful  activity.— R.  W.  K.] 

Tasmania.  Geological  Survey.  Mount  Balfour  Mining  Field.  Bulletin  No.  10. 

Hobart,  1911.     (Exchange.) 
U.  S.  Coast  and  Geodetic  Survey.     Results  of  Observations  made  at  the  Coast 

and  Geo'*etic  Survey  Magnetic  Observatory  near  Honolulu,  Hawaii,  1909  and 

1910.     Washington,  1912.     (Exchange.) 
U.  S.  Geolooical  Survey.     Bulletin  Nos.  506,  509.     Washington,  1912.     (Ex- 
change. ) 
University  op  Pennsylvania.    Enginpering  Alumni  Society.    Annual  Report, 

By-Laws  and  Lists  of  Members.     Philadelphia,  1912.     (Exchange.) 
Verein  deutscher  Chemiker  e.  V.    Mitglieder  Verzeichnis,  1912.     Leipzig, 

1912.     (Gift  of  Verein  deutscher  Chemiker.) 
Washoe  Smelter.  Anaconda  Copper  Mining  Co.,  Anaconda,  Mont.    N.  p., 

n.  d.     (Gift.) 

Die  WicHTiGSTKN  Lager&tattender  **Nicht-Erze.'*  Part  I.  By  O.  Stutzer. 
Berlin,  1911.     (Purchase.) 

Die  WiRTSCHAPTLiCHE  Lage  von  Kanada.  By  Hans  Hammann.  Berlin,  1912. 
(Purchase.) 

Die  Zentrifugalpumpen.  Ed.  2.  By  Fritz  Neumann.  Berlin,  1912.  (Pur- 
chase.) 

Gift  of  Engineering  and  Mining  Journal. 
Amalgamated  Copper  Co.  Report,  1912.  New  York,  1912. 
Anaconda  Copper  Mining  Co.    Report,  1911. 

Canada.    Mines  Department.     Investigition  of  the  Coals  of  Canada.    Vol.11. 

Ottawa,  1912. 
Diesel,  Rudolf.     Present  Status  of  the  Diesel  Engine  in  Europe  and  a  Few 

Reminiscences  of  the  Pioneer  Work  in  America.     St.  Lonis,  1912. 
Mining  Journal  (Russian).     January,  February,  1912.    St.  Petersburg,  1912. 
MiseouRi.  Bureau  of  Mines,  Mining  and  Mine  Inspection.     Annual  Report, 

23d,  1909.     Jefferson  City,  1909. 
NouMiLA.    Compte-Rendu  des  Travaux  de  la  Chambre  de  Commerce  de 

Noumea.     Annee  1909,  1910.    Noumea,  1910,  1911. 

Trade  Catalogues. 

Samuel  Cabot,  Boston,  Mass.    ** Cabot"  Conaervo  wood  preservative.   14  pages. 
Chicago  Pneumatic  Tool  Co.,  Chicago,  111.     Lubrication  of  Rockford  motor 
cars.     11  pages. 
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General  Electric  Co.,  Schenectady,  N.  Y.  Bulletin  No,  4954.  Horn  type 
lighting-arresters  for  series  lighting-circuits.     11  pages. 

Jeffrey  Manufacturinq  Co.,  Columbus,  Ohio.  Elevating-con vejing,  power- 
transmission  machinery  and  coal-mine  equipment     576  pages. 

Stephens-Adamson  Manufacturing  Co.,  Aurora,  111.  The  Labor  Saver j  June, 
1912.  Published  in  the  interests  of  efficiency  and  economy  in  production. 
24  pages. 

United  Engineering  Society  Library. 

How  TO  Plan  a  Library  Building  for  Library  Work.    By  C.  C.  Soule, 

Boston,  1912.     (Purchase.) 
.  Kentucky.  Agricultural  Experiment  Station  of  the  State  University. 

(Bulletin   No.  154.)     Blowing  Stumps  with   Dynamite.      Lexington,  1911. 

(Gift  of  Kentucky  Agricultural  Experiment  Station.) 
Moody's  Manual  op  Railroads  and  Corporation  Securities.    13th  edition, 

1912.     New  York,  1912.     (Purchase). 
Report  on  Revaluation  of  Railroads  and  Canals,  New  Jersey,  1911. 

Trenton,  1912.     (Gift  of  Charles  Hansel.) 
Rules  of  Practice  in  the  United  States  Patent  Office.    Revised  July  17, 

1907.     Washington,  1912.     iGift.)  • 

SvENSKT  Portrattoalleri  Andra  Serien.     L  Svenska  Teknologforeningen, 

1911.     Stockholm,  1911.     (Gift  of  iSvensk a  Teknologforeningen.) 
** Titanic"  Disaster.     Report  of  the  Committee  on  Commerce,  United  States 

Senate.     Washington,  1912.     (Gift  of  Senator  W.  A.  Smith.) 
Treatise  on  Hydraulics.     By  Mansfield  Merriman.     Ninth  edition,  revised 

and   rewritten  with  the  assistance  of   Thasseus  Merriman.    New  York,  J. 

Wiley  &  Sons,  1912.     Price,  $4  net.     (Gift  of  Publishers.) 

[Note. — This  well-known  work  appears  in  a  new  dress,  with  much  new  matter. 
Nearly  ten  years  have  elapsed  since  the  last  complete  revision,  and  now  the  book 
contains  the  results  of  the  work  of  the  last  decade.  Of  the  several  editions  of 
this  work,  37,000  copies  have  been  printed,  the  first  edition  being  issued  in  1889. 
The  great  increase  in  the  development  of  the  water-power  plants  in  the  country  em- 
phasizes the  importance  of  a  thorough  revision  of  this  standard  work. — W.  P.  C] 
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MEMBERSHIP. 

New  Members. 

The  following  list  comprises  the  names  of  those  persons  elected 
as  members  who  accepted  election  during  the  month  of  June, 
1912: 

Members. 

Barlow,  Alfred  £.,  Mid.  Geol 328  Boslyn  Ave.,  Westmont,  Que.,  Canada. 

Bell,  William  L.,  Min.  Engr.,  Supt.  Smelter,  B.  C.  Copper  Co., 

Greenwood,  B.  C,  Canada. 
Braman,  Harrt  S.,  Supt.,  Blast  Furn.,  Youngstown  Sheet  <&  Tube  Co., 

YoungstowD,  Ohio. 
CLAQErrr,  Thomas  H.,  Chief  Engr.,  Pocahontas  Coal  &  Coke  Co., 

Bluefield,  W.  Va. 

Crankbhaw,  Hugh  M.,  Min.  Eng^r Lehigh  Coal  A  Nav.  Co.,  Lansford,  Pa. 

Crook,  Welton  J.,  Steel  Wks.  Chem.,  P.  O.  Box  9S5,  Stanford  University,  Cal. 

Flaog,  Arthur  L,  Min.  Engr 212  Columbia  Hldg.,  Spokane,  Wash. 

Gardner,  E.  D.,  Min.  Engr Forest  Service,  Missoula,  Mont. 

Kurd,  Walter  E.,  Mine  Operator Hailejrbury,  Ont.,  Canada. 

IxoALSBE,  Frank  R.,  Min.  Engr Forestry  Service,  Missoula,  Mont. 

Jones,  Lewis  M.,  Min.  Engr U.  S.  Bureau  of  Mines,  Pittsburg,  Pa. 

Manion,  Edward,  Leasing  Mines 221  S.  Main  St.,  Lead,  S.  D. 

Morrison,  Harold  A.,  Mine  Supt ! Candor,  N.  C. 

Eiqhtmire,  Robert  E.,  Fuel  Engr.,  Consolidation  Coal  Co.,  Fairmont,  W.  Va. 
Severy,  Clarence  L.,  Min.  Engr.,  Poderosa  Mining  Co., 

Collahuasi,  Chile,  So.  Am. 

SiEBENTHAL,  Wade  A.,  Supt.  of  Mincs Republic,  Mich. 

Sparks,  James  T.,  Min.  Engr.  and  Mine  Supt Baldy,  N.  M. 

Williams,  J.  Peter,  Jr.,  Min.  Engr Tazewell,  Va. 

YoND,  Herbert,  Min.  Engr Giiarda,  Portugal. 

Zalinski,  Edward  R.,  Min.  Engr.... 607  Newhouse  Bldg.,  Salt  Lake  City,  Utah. 

Candidates  for  Membership. 

The  following  persons  have  been  proposed  during  the  month  of 
June,  1912,  for  election  as  members  of  the  Institute.  Their  names 
are  published  for  the  information  of  members  and  associates,  from 
whom  the  Committee  on  Membership  earnestly  invites  confidential 
communications,  favorable  or  unfavorable,  concerning  these  candi- 
dates. A  sufficient  period  (varying  in  the  discretion  of  the  Com- 
mittee, according  to  the  residence  of  the  candidate)  will  be  allowed 
for  the  reception  of  such  communications,  before  anv  action  upon 
these  names  by  the  Committee.  After  the  lapse  of  this  period,  the 
Committee  will  recommend  action  by  the  Council,  which  has  the 
power  of  final  election. 

Members. 

Robert  Rowell  Abbott,  Cleveland,  Ohio.' 

Proposed  by  Charles  H.  Fulton,  A.  W.  Smith,  S.  T.  Wellman. 
Mark  Anthony  Ammon,  Cleveland,  Ohio. 

Proposed  by  Charles  H.  Fulton,  A.  W.  Smith,  S.  T.  Wellman. 
Charles  Woodward  Andrews,  Duluth,  Minn. 

Proposed  by  Charles  F.  Rand,  Bradley  Stoughton,  F.  Schniewind. 
Abraham  George  Borowsky,  Atco,  N.  J. 

Proposed  by  Joseph  W .  Richards,  Howard  Ecksfeldt,  Henry  S.  Drinker. 
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Charles  Lang  Cantley,  New  Glasgow,  N.  S.,  Canada. 

Proposed  by  Thomas  Cantley,  Bradley  Stoughton,  John  B.  Porter,  A.  Stans- 
field,  R.  E.  Chambers. 
Alexander  Fyfe,  Cobalt,  Ont.,  Canada. 

Proposed  by  William  Frank  Grace.  A.  Jarman,  Edwin  G.  Banks. 
Frederick  B.  Goetter,  San  Dimas,  Dur.,  Mexico. 

Proposed  by  Edwin  Lett  Oliver,  F.  B.  Caldwell,  Stuart  L.  Rawlings. 
Edward  F.  Goltra,  St.  Louis.  Mo. 

Proposed  by  E.  Gybbon  Spilsbury,  Bradley  Stoughton,  Charles  F.  Rand. 
Charles  Henry  Goodsell,  Spokane,  Wash. 

Proposed  by  Glenville  A.  Collins,  J.  V.  Richards,  L.  K.  Armstrong. 
William  £.  Hartman,  Chicago,  111. 

Proposed  by  Bradley  Stoughton,  Charles  F.  Rand,  Louis  D.  Huntoon. 
Edwnrd  Hopkins  Emerson,  Santiago  de  Cuba,  Cuba. 

Proposed  by  Benjamin  B.  Lawrence,  Charles  F.  Rand,  DeBerniere  Whitaker, 
M.  B.  Yung,  Jennings  S.  Cox,  Jr. 
John  Henry  Klepinser,  Great  Falls,  Mont. 

Proposed  by  C  W.  Goodale,  A.  E.  Wheeler,  John  Gillie. 
Edward  Amos  Loring,  London,  England. 

Proposed  by  T.  A.  Rickard,  C.  S.  Herzig,  W.  J.  Loring. 
Frank  Edwin  Lucas,  Sydney,  N.  S.,  Canada. 

Proposed  by  Charles  F.  Rand,  Bradley  Stoughton,  F.  Schniewind. 
William  Crooke  McKee,  Indiana  Harbor,  Tnd. 

Proposed  by  R.  H.  Sweetser,  Joseph  E.  Thropp,  Jr.,  J.  H.  Frantz. 
Henry  B.  Newhall,  Jr.,  New  York,  N.  Y. 

Proposed  by  H.  M.  Howe,  Henry  D.  Hibbard,  Bradley  Stoughton. 
William  C.  Perry,  Cumberland,  Md. 

Proposed  by  B.  F.  Bush,  C.  H.  Smith,  J.  M.  Fitzgerald. 
Wallace  E.  Pratt,  Manila,  P.  I. 

Proposed  by  F.  A.  Dalburg,  Henry  G.  Ferguson,  George  I.  Adams. 
Alfred  Clare  Reed,  Felton,  Cuba. 

Proposed  by  Charles  F.  Rand,  George  W.  Pfeiffer,  Jennings  S.  Cox,  Jr. 
Hans  Egon  SeidI,  Cleveland,  Ohio. 

Proposed  by  Francis  J.  Peck,  W.  J.  Rattle,  G.  F.  Knapp. 
William  Robert  Shimer,  South  Bethlehem,  Pa. 

Proposed  by  W.  L.  Cumings,  E.  O'C.  Acker,  R.  M.  Bird. 
Henry  Steinman  Snyder,  Bethlehem,  Pa. 

Proposed  by  (  harles  F.  Rand,  Bradley  Stoughton,  Jennings  S.  Cox,  Jr. 
John  Venn  Stevens,  Panulcillo,  Coquimbo,  Chile,  S.  A. 

Proposed  by  H.  M.  McLaughlin,  Thomas  F.  Higgins,  Mark  R.  Lamb. 
Charles  Allen  Stillman,  Chicago,  111. 

Proposed  by  D.  B.  Meacham,  Charles  F.  Rand,  Bradley  Stougliton. 

E.  L.  Tate,  Spokane,  Wash. 

Proposed  by  L.  K.  Armstrong,  J.  V.  Richards,  F.  A.  Ross. 
Edwin  Harold  Tatton,  Oploca  de  Bolivia,  S.  A. 

Proposed  by  Robert  Hawxhurst,  Jr.,  R.  Gilman  Brown,  Charles  Dalzell  Wil- 
kinson, J.  H.  Ivey. 

William  Joel  Turner,  Rincagua,  Chile,  S.  A. 

Proposed  by  R.  T.  White,  Pope  Yeatman,  Bernard  T.  Colley. 
Frank  Earle  Thompson,  Johnstown,  Pa. 

Proposed  by  Hartley  C.  Wolle,  Joseph  Morgan,  S.  M.  Marshall. 

F.  ^y.  Wood,  Sparrow's  Point,  "Md. 

Proposed  by  John  E.  Hardman,  G.  Bartol,  Henry  D.  Hibbard. 
Charles  Duncanson  Young,  Altoona,  Pa. 

Proposed  by  George  Thomas,  3d,  Horace  A.  Beale,  Jr.,  F.  N.  Pease. 

Associate, 
William  A.  Wilson,  Spokane,  Wash. 

Proposed  by  L.  K.  Armstrong,  J.  V.  Richards,  Glenville  A.  Colli  ns. 
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Changes  of  Address  of  Members. 

The  following  changes  of  address  of  members  have  been  received 
at  the  Secretary's  office  during  the  month  of  June,  1912.  This 
list,  together  with  the  lists  published  in  Bulletin  Nos.  63  to  66, 
March  to  June,  1912,  and  the  foregoing  list  of  new  members,  there- 
fore, supplements  the  annual  list  of  members  corrected  to  Feb.  1, 
1912,  ana  brings  it  up  to  the  date  of  July  1,  1912. 

Bateson,  C.  E.  W 830  Park  Ave.,  New  York,  N.  Y. 

BoTSFORD,  Roberts 36  Leioster  Sq.,  Bavswater,  London,  W.,  England. 

Brett,  Ai^fred  J.,  Crown  Mines,  Box  102,  Johannesburg,  Transvaal,  So.  Africa. 

Brown,  Austin  H "Walnut  Grove  Kanch,"  Willits,  Mendocino  Co.,  Cal. 

CoNLEY,  Owen  J 52  Broadway,  New  York,  X.  Y. 

Cox,  Thomas 463  Ellita  Ave. ,  Oakland,  Cal. 

DoRiON,  Ferdinand  J.,  Cons.  Min.  and  Met.  Engr., 

24  Rue  Alain  Chartier,  Paris,  France. 

Dorr,  John  Van  N 733  First  Natl.  Bank  Bldg.,  Denver,  (  olo. 

DoziER,  Charles  T P.  O.  Box  40o,  Redding,  Cal. 

Drake,  Frank Room  712,  79  Milk  Street,  Boston,  Mass. 

Dudley,  Harry  C Instructed  to  hold  all  mail. 

Elliott,  John  S 61  E.  86th  St.,  New  York,  N.  Y. 

Emmons,  N.  H.,  Cons.  Min.  Engr 917  Union  Oil  Bldg.,  Los  Angeles,  Cal. 

Foote,  F.  8.,  Jr.,  Asso.  Prof.  Railroad  Engrg Univ.  of  Calif.,  Berkelev,  Cal. 

Geppert,  Richard  M Salisbury  House,  London,  E.  C,  England. 

Goldberg,  Julius Ramennoostrov  Ave.  9,  St.  Petersburg,  Russia. 

GuiTERMAN,  Franklin,  Am.  Smelt  &  Refin.  Co.,  165  Broadway,  New  York,  N.Y. 

Hamilton,  Alexander Dayton,  Nev. 

Hamlyn,  John  J Natomas  Cons,  of  Calif.,  Oroville,  Cal. 

Harris,  Arthur  L Rio  Escondido,  Coah.,  Mexico. 

Heimer,  Paul  H 498  Norfolk  St. ,  Mattapan,  Mass. 

Jaques,  W.  H Little  Roare  Head,  N.  H. 

Jones,  Charles  H 28  Bourne  Rd.,  Crouch  End,  London,  N.,  England. 

Jones,  Owen Instructed  to  hold  all  mail. 

Kawai,  Yasushiro,  Sakito  Coal  Mines,  Sakitomura,  Nishisonokigun, 

Nagasaki,  Japan. 
Keller,  Arthur  H.... Santa  Rosa  de  Copan,  Honduras,  C.  A.,  via  New  Orleans. 

Eepner,  Ross  B Velardena,  Dur.,  Mexico. 

Kiddie,  Thomas 884  Bute  St,  Vancouver,  B.  C,  Canada. 

Kingston,  Charles  B.,  Care  Pearce,  Kingston  &  Browne, 

Worcester  House,  Walbrook,  London,  E.  C,  England. 
Kitson,  Howard  W.,  Supt,  Komcob  Mining  &  Development  Co., 

Redington,  Pima  Co.,  Ariz. 

Kramm,  Huoo  E P.  O.  Box  E,  Phoenix,  Ariz. 

Lis^LiE,  Hugh  M 10  St.  Andrews  Drive,  Pollokshields,  Glasgow,  Scotland. 

Linton,  Robert,  Min.  Engr.,  Genl.  Mgr.,  Sierra  Cons.  Mines  Cxi.y 

Trust  &  Sav.  Bldg.,  Los  Angeles,  Cal. 

MacCarthy,  Marion  S 4045  E.  19th  Ave.,  Denver,  Colo. 

Mansfield,  Melvin Chino  Copper  Co  ,  Hurley,  N.  M. 

Maynard,  T.  Poole,  Min.  and  Cons.  GeoL,  321  James  Bldg.,  Chattanooga,  Tenn. 

Merrill.  Monroe  E Santa  Rita,  N.  M. 

Milton,  Maxwell  C 6  Schrader  Bldg.,  Tucson,  Ariz. 

MoRAN,  Robert  B 311  California  St.,  San  Francisco,  Cal. 

NicHOLLS,  John  C 1043  Mills  Bldg.,  San  Francisco,  Cal. 

Pagliuchi,  Frank  D 1144  Title  Insurance  Bldg.,  Los  Angeles,  Cal. 

Pearce,  Frank  E Paulson,  B.  C,  Canada. 

Pentland,  Walter  J.,  Mgr.  Amajac  Mines  Co.,  Hostotipaqnilla,  Jal.,  Mexico. 

Phillips,  Walter  I Hurley,  N.  M. 

PococK,  Cecil  W.,  Mgr Santa  Clara  Mines,  Morococha,  Peru,  So.  Amer. 

Prkntis,  Edmund  A.,  Jr 408  W.  2'^d  St.,  New  York,  N.  Y. 

pRorsT,  Rene Quala  Lumpur,  Federated  Malay  States. 

RoBBiNS,  Charles  P P.  O.  Box  1910.  Spokane,  Wash. 

RoDOERS,  Charles  E.,  Min.  Engr.  and  Assayer,  Motherlode  Mill, 

Sheep  Creek,  B  C,  Canada. 
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Schneider,  Albert  F 132  Hodge  Ave.,  Buffalo,  N.  Y. 

Smith,  Lyon P.  O.  Box  85,  Blair,  Ney. 

Spicbr,  Phiup  O P.  O.  Box  544,  New  Westminster,  B.  C,  Canada. 

Stoutz»  Edmund  de Singapore,  Straits  Settlements. 

Stuckey,  Leonard  C,  Tauquah  Min.  &  Expl.  Co.,  Lta., 

Tarquah,  Secondee,  W.  Africa, 
Talgott,  Morris  G.,  Care  General  Assets,  Ltd.,  Dominion  Bond  Bldg., 

Toronto,  Ont.,  Canada, 

Thomas,  David  R Pridilecta  Mining  Co.,  55  Liberty  St,  New  York,  N.  Y. 

TiMMONS,  CouN 4819  Budlon^  Ave.,  Los  Angeles,  Cal. 

Truschkoff,  Nicola? Kuokkala,  Finlande  Railway,  Russia. 

Venables,  Harry  L Oruro,  Bolivia,  So.  America. 

ViLLADSEN,  Anders  B Care  Pingree  National  Bank,  Oeden,  Utah. 

Wallis,  H.  Boyd 48  Holland  Park,  London,  W.,  Englnnd. 

Warner,  Thor Hotel  Golden,  Reno,  Nev. 

WicKViTARE,  Francis  G 35  W.  32d  St.,  New  York,  N.  Y. 

Williams,  Ralph  B The  "  Argyle,*'  San  Antonio,  Texas. 

WisHON,  A.  Emory San  Joaquin  Light  &  Power  Corpn.,  Bakersfield,  Cal. 

WiLLSON,  Frederick  E Santa  Barbara,  Cal. 

Wolf,  Albert  G 1574  Steele  St.,  Denver,  Colo. 

Wright,  Charles  W Ingurtosu,  Arbus,  Sardinia,  Italy. 

Zeller,  Howard  P Care  Republic  Iron  &  Steel  Co.,  Republic,  Pa. 

Addresses  of  Members  and  Associates  Wanted. 

Name .  Last  Address  of  Record ,  trom  which  Mail  has  been  Retn  roed. 

Baxter,  Francis  K.,  Jr., 423  Wells  FArgo  Bld^.,  San  Francisco,  Cal. 

Chamber}^in,  John  R., 3a  de  Roma  39,  Mexico  City,  Mexico. 

Cook,  Edward  H. , Minas  Birimoa,  S.  A  ,  Birimoa,  via  Canelas, 

Dur.,  Mexico. 

Danforth,  A.  H., Cotopaxi,  Colo. 

Fitzgerald,  Thomas  F.  M.,  .    .    .    .  211  Sharon  Bide.,  Salt  Lake  City,  Utah. 

Fumess,  James  W., Coffee,  Trinity  Co.,  CaL 

Gmelin,  Ernest, Apartado  57,  Aguascalientes,  Mexico. 

Green,  George  G.,  • 133a  Vermont  Ave.,  Washington,  D.  C. 

Hamfeldt,  George  K., Care  de  Wendel  &  Co.,  Hayingen,   Lothrin- 

geUj  Germany. 

Hiffgins,  Edwin, Elandsburg,  Cal. 

Hollis,  K.  W., Silverton,  Colo. 

Johnson,   Dion  L., 325  Water  St.,  Pittsburg,  Pa. 

Lampshire,  John  O., Vulture  Mine,  Wickenbupg,  Ariz. 

Leavell,  John  H., Buffalo  Mine,  Cobalt,  Ont,  Canada. 

Le  Noir,  Frank  H., Box  16.  Mt.  Bullion,  CaL 

McDougall,  Wallace  D., 20  Bedford  Place,  Russell  Sq.,  London,  Eng. 

Macfarlane,  Rienzi  W\, Apartado  102,  Parral,  Chih.,  Mexico. 

Moore,  Rov  W., P.  O.  Box  48,  Velasco,  Tex. 

Munroe,  Martin, Bengal  Coal  Co.,  Murulidih,  Mohada,  B.  N. 

Ry.,  Bengal,  India. 

Nelson,  D.W.C., Baker  City,  Ore. 

Nobs,  Frederick  W,, NegociacionMinera  Santa  Maria  de  Guadalupe 

V  Anexas,  S.  A.,  Minillas,  Zac,  Mexico. 

Pearson,  William  R., 628  W.  114th  St,  New  York,  N.  Y. 

Perks,  Harry  B., 419  Board  of  Trade  Bldg.,  Portland,  Ore. 

Peterson,  Frank, H.  W.  Hellman  Bide.,  Los  Angeles,  CaL 

Rathbome,  Merwyn  R.  W.,    .   .    .  Amargosa,  via  Las  Vegas,  Nev. 

Rhew,  James  W.  ,Cia.  Minera  y  Exploradora  de  Ventanas,  S.  A. ,  Ventanas,  Dur. ,  Mex. 

Sheldon,  Waldo, Urique,  Chih.,  Mexico. 

Short,  Frank  R., Carson  City,  Nev. 

Thornton,  Edward  T., Apartado  30,  Matehuala,  8.  L.  P.,  Mexico. 

Twynam,  Henry,    .    .   .  O.  K.  Copper  Mine,  Cairns,  No.  Queensland,  Australia. 

Watson,  Ralph  W., CaUoo,  Utah,  Clifton  Mail  box. 

Webster,  Erastus  H., Hotel  Cosmopolita,  Guadalajara,  Jal.,  Mexico. 

White,  W.  P.      10  Bernard  St.,  Spokane,  Wash. 
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Necrology. 

The  death  of  the  following  Honorary  Member  was  reported  to  the 
Secretary's  oflSce  during  the  month  of  June,  1912: 

Date  of 
Election.  Name.  .Date  of  Decease. 

1899.     Osmond,  FloriB, , , 

BrOGRAPHICAL   NOTICES. 

William  Affleck  was  born  July  26,  1880,  at  Liverpool,  Eng.  In 
1903,  he  came  to  the  United  States,  and  was  employed  as  civil  and 
mining  engineer  by  the  James  W.  Ellsworth  Co.,  at  its  coal-mines, 
Ellsworth,  Pa.  In  1906,  he  became  an  assistant  to  Mr.  Ellsworth, 
in  New  York  City,  and,  during  the  next  two  years,  traveled  exten- 
sively through  Germany  and  other  countries,  gathering  data  of  the 
coking  and  briquetting  of  coals  and  lignites.  In  1908,  he  was  sent 
by  Mr.  Ellsworth  to  the  Cambridge  Collieries,  near  Cambridge,  0., 
and  in  1909,  he  became  General  Superintendent  of  the  Cambridge 
Collieries  Co.  In  1910,  he  was  appointed  General  Superintendent 
of  the  holdings  in  the  United  States  of  the  Sterling  Coal  Co.,  Ltd., 
Toronto,  Can.  This  position  he  held  until  his  death,  which  occurred 
at  Cleveland,  O.,  Sept.  11,  1911,  after  a  long  illness  due  to  typhoid 
fever.  Mr.  Affleck  became  a  member  of  the  Institute  in  1906.  He 
was  beloved  and  respected ;  and  his  death,  at  31  years  of  age,  is 
sincerely  lamented  as  the  premature  end  of  a  useful  and  promising 
career. 

Ernest  Robertson  Buckley  was  born  Sept.  3, 1872,  at  Milbury,  Mass., 
educated  in  the  district  and  high  schools  of  Tomah,  Wis.,  and  grad- 
uated as  B.  S.,  in  1895,  from  the  University  of  Wisconsin,  which 
gave  him,  in  1898,  the  degree  of  Ph.D.  For  some  time  after  his  grad- 
uation, he  was  a  member  of  the  staff  of  the  Wisconsin  Geological 
and  Natural  History  Survey ;  and  in  1901,  he  became  Director  of  the 
Missouri  State  Bureau  of  Geology  and  Mines  and  State  Geologist  of 
Missouri,  with  headquarters  at  Rolla.  This  office  he  retained  until 
1908,  when  he  accepted  the  position  of  Economic  Geologist  of  the 
Federal  Lead  Co.  of  Missouri.  Such  employment,  by  large  railroad, 
mining,  and  land  companies,  of  trained  geologists  to  guide  their 
operations,  is  a  modern  development,  which  has  already  abundantly 
proved  its  merit  by  its  results.  After  two  years  of  work  in  this 
capacity.  Dr.  Buckley  devoted  himself  chiefly  to  consulting  work 
and  to  travel  in  the  Western  States.  In  1911,  he  opened  an  office 
as  consulting  engineer  in  Chicago. 

Dr.  Buckley  was  a  life-member  of  the  Institute,  elected  in  1902, 
and  contributed  to  the  Transactions  (xl.,  856)  an  interesting  discus- 
sion of  the  Ozark  lead-  and  zinc-deposits,  their  genesis,  localization, 
and  migration.  His  numerous  published  works  comprise  reports 
on  the  Building-  and  Ornamental-Stones  of  Wisconsin  (1898) ;  Clays 
and  Clay-Industries  in  Wisconsin  (1900)  ;  Highway  Construction  in 
Wisconsin  (1902) ;  and  The  Quarrying-Industry  of  Missouri  (1904), 
besides  other  monographs  and  general  discussions  contained  in  the 
volumes  of  the  Wisconsin  Geological  and  Natural  History  Survey, 
and  the  Missouri  Bureau  of  Geology  and  Mines.  He  was  a  member 
of  the  Geological  Society  of  America ;  the  American  Mining  Con- 
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gresB ;  the  Wisconsin  Academy  of  Sciences,  Arts,  and  Letters ;  the 
Wisconsin  Clay- Workers'  Association ;  the  Wisconsin  Natural  His- 
tory Society ;  the  American  Society  for  Testing  Materials ;  and  an 
honorary  member  of  the  Black  Hills  Mining  Men's  Association. 
His  death,  Jan.  19,  1912,  in  his  fortieth  year,  under  an  attack  of 
malignant  pneumonia,  was  equivalent,  in  its  shock  of  surprise  to 
his  friends,  to  a  violent  death  by  accident  It  cut  short  a  career  of  in- 
dustry, intelligence,  high  promise,  and  distinction  already  achieved. 

R.  W.  R. 

John  Charles  Doda  was  born  in  1846,  at  Spalding,  Lincolnshire, 
Eng.,  where  his  family  had  resided  for  several  centuries.  After  a 
preliminary  education  and  practice,  of  which  we  have  not  been  able 
to  obtain  the  record,  he  came  to  the  United  States,  in  1870,  as  engi- 
neer for  an  English  firm,  with  headquarters  at  Boston,  Mass.,  and 
was  engaged  in  erecting  gas-furnaces  in  steel-  and  iron-works 
throughout  the  United  States  for  a  number  of  years.  After  employ- 
ment in  several  cities  of  Pennsylvania,  and  in  Chicago,  he  became 
(about  1890  or  earlier)  draftsman  and  engineer  for  the  Laclede 
Pire-Brick  Co.,  of  St.  Louis,  Mo.  He  retained  this  position  for 
fourteen  years.  In  1902,  he  was  engaged  to  plan  and  erect  large 
smelting-works  for  zinc,  etc.,  at  Cherryvale,  Kan.,  and  in  1904,  he 
accepted  the  superintendency  of  these  works,  which  he  continued 
to  manage  until  his  death,  which  occurred  Sept.  1,  1911,  after  a 
painful  illness. 

Mr.  Dods  had  been  a  member  of  the  Institute  for  30  years,  having 
been  elected  in  1881.  He  was  a  member  of  the  National  Gas  Insti- 
tute also,  and  was  highly  esteemed,  both  by  his  professional  asso- 
ciates and  by  his  fellow-citizens.  His  death  evoked  from  the 
community  in  which  he  resided  an  impressive  tribute  of  grief  and 
praise. 

John  B.  Hohson  was  born  in  Ireland  about  1844.  In  1848,  his 
parents  came  to  New  York,  and  in  1859  they  removed  to  California, 
where  he  studied  metallurgy  and  mining  engineering,  and  became 
connected  with  many  of  the  large  quartz-mining  and  deep-channel 
hydraulic  operations  of  that  State.  As  a  field-contributor  to  the 
geological  department  of  the  State  Mining  Bureau,  he  furnished  to 
its  annual  reports  much  interesting  and  valuable  material.  In  the 
field  of  practice,  he  distinguished  himself  by  the  invention  of  a 
deflecting  hydraulic  nozzle,  known  and  highly  esteemed  by  miners 
as  "  Hobson's  Improvement."  In  1891,  Mr.  Hobson  was  one  of  the 
leading  mine-operators  who  met  at  Auburn,  Cal.,  and  formulated 
plans  for  the  California  Miners'  Association,  fuUv  organized  in  1892, 
which  has  done  so  much  for  that  industry.  Hon.  Jacob  H.  Nefi*, 
afterwards  Lieutenant-Governor  of  California,  was  present  at  that 
preliminary  meeting;  and  in  1899,  Mr.  Neff  contributed  to  the 
magnificent  souvenir  volume,  California  Mines  and  Minerals^  pre- 
sented to  members  of  the  Institute  party  attending  the  California 
meeting  of  that  year,  an  interesting  account  of  the  history  of  that 
famous  association,  of  which  he  was  at  that  time  the  President; 
W.C.  Ralston,  Vice-President;  and  Edward  H.  Benjamin  (the  editor 
of  the  volume  referred  to),  Secretary.  The  Association  had  grown 
in  seven  years  to  a  membership  of  9,000.    Mr.  Hobson,  who,  as  one 
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of  its  founders,  and  a  member  of  its  Legislative  Committee,  did  so 
much  for  it,  and  who  had  become,  in  1892,  a  member  of  the  Insti- 
tute also,  was  not  present  at  the  California  meeting,  to  receive,  with 
his  associates,  our  congratulations  upon  the  result  of  their  wise  and 
efficient  labors.  Already  in  1891  or  1892,  he  had  been  invited  by 
Sir  Wm.  Van  Horn  and  the  Directors  of  the  Canadian  Pacific 
Railway  Co.  to  visit  British  Columbia,  and  make  a  reconnoissance 
of  the  auriferous  deep  gravels  of  that  Province.  His  investigations 
and  reports  led  to  the  organization  of  at  least  two  important 
hydraulic  mining  companies,  the  Consolidated  Caribou  and  the 
Horsefly,  and  to  his  permanent  removal,  in  connection  with  these 
and  other  enterprises,  to  British  Columbia,  where  he  resided  for  the 
rest  of  his  life. 

In  his  new  home,  Mr.  Hobson  at  once  assumed  the  leadership 
due  to  his  ability  and  experience.  He  brought  about  the  formation 
of  a  Provincial  Miners'  Association,  like  that  of  California ;  and  at 
the  convention  called  tor  this  purpose,  he  was  earnestly  nominated 
as  President  of  the  Association,  on  the  ground  that  he  was  practi- 
cally its  founder.  But  it  was  finally  decided  (probably  on  his  own 
advice)  that  it  would  be  wiser  not  to  choose  a  President  specially 
identified  with  a  particular  branch  of  mining,  as  Mr.  Hobson  was 
identified  with  placer  and  hydraulic  gold-mining.  So  they  elected 
a  gentleman  not  actively  engaged  in  any  department  of  the  indus- 
try. Whether  this  prudent  decision  had  anything  to  do  with  the 
subsequent  history  of  the  Association,  I  will  not  undertake  to  say ; 
but,  according  to  the  statement  of  the  Vancouver  Daily  Promnce,  of 
Jan.  20,  1912,  the  Provincial  Mining  Association,  after  a  promising 
start,  failed  utterly  in  two  or  three  years,  to  the  great  disappoint 
ment  of  Mr.  Hobson,  who,  moreover,  spent  nearly  $1,000  in  paying 
the  debts  it  had  incurred. 

As  manager  of  the  Horsefly  and  Caribou  companies,  Mr.  Hobson 
directed  a  large  amount  of  development,  and  produced  a  consider- 
able quantity  of  gold.  But  his  plans  required  the  further  expendi- 
ture of  about  $300,000  for  an  adequate  and  permanent  water-supply. 
Particulars  can  be  found  in  the  reports  of  the  Provincial  Geologists, 
and  his  own  reports  to  his  employers.  When,  in  1906,  the  Caribou 
property  was  purchased  by  the  Guggenheims,  of  New  York,  it  was 
expected  that  this  additional  expenditure  would  be  made  at  once. 
But  in  July,  1907,  the  new  owners  suspended  operations,  and  work 
has  never  been  resumed.  It  is  reported  that  the  financial  stringency 
of  1907,  which  caused  the  abandonment  by  the  Guggenheims  of 
many  enterprises  not  actually  profitable  at  the  time,  was  the  reason 
of  this  sudden  change.  Indeed,  it  is  scarcely  conceivable  that  any 
weakness  in  the  enterprise  itself  could  have  been  the  cause ;  for  the 
courageous  and  experienced  capitalists  referred  to  had  had  the 
merits  of  the  scheme  thoroughly  examined  by  their  own  experts 
before  engaging  in  it ;  and  no  new  evidence  had  been  developed. 
Their  decision  was  a  shock  to  Mr.  Hobson,  from  which  he,  perhaps, 
never  fully  recovered.  He  became  seriously  ill,  and  for  some  time 
his  life  was  despaired  of.  After  his  recovery,  he  continued  to  re- 
side at  Victoria,  B.  C,  where  he  died  Jan.  9,  1912. 

Mr.  Hobson  was  one  of  the  best  authorities  on  the  methods  and 
appliances  of  hydraulic  mining.  Yet,  apart  from  his  early  contribu- 
tions to  the  reports  of  the  California  Mining  Bureau,  I  find  no  record 
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of  anything  from  his  pen  except  a  paper  on  The  Auriferous  Gravels 
of  British  Columbia,  published  in  the  Journal  of  the  Qeneral  Mm- 
ing  A&aociation  of  Quebec,  vol.  ii.,  p.  177.  In  1907,  Mr.  John  Hays 
Hammond,  then  President  of  the  Institute  (who  is  said  to  have 
acquired  some  of  his  first  experience  in  mining  under  Mr.  Hobson), 
united  with  me  in  urging  him  to  prepare  a  paper  for  the  Institute 
on  that  subject,  concerning  which  our  Transactions  had  contained 
little  of  comprehensive  importance  since  the  admirable  treatise  of 
A.  J.  Bowie,  Jr.,  in  1877  {Tram.,  vi.,  27).  But  the  request  was  un- 
availing, for  reasons  not  known  to  us  at  the  time,  but  easily  to  be 
inferred  from  the  foregoing  story,  which  shows  that  the  time  when 
our  appeal  came  to  him  was  the  time  of  his  greatest  business  anx- 
iety and  stress,  and  his  consequent  illness. 

Besides  Mr.  Hobson's  membership  of  the  Institute,  and  of  the 
Mining  Associations  of  California  and  British  Columbia,  already 
mentioned,  he  was  one  of  the  founders  of  the  Canadian  Mining 
Institute,  chartered,  in  1898,  by  the  Dominion  Parliament.  In  1898 
and  1899,  and  again  in  1901  and  1902,  he  was  a  Councilor,  and  in 
1903  and  1904,  a  Vice-President,  of  that  Institute.  R.  W.  R. 

Henry  Lakln  Ijawrence  was  born  May  28, 1859,  at  Wimbledon,  near 
London,  Eng.  From  1876  to  1880,  he  studied  at  the  Royal  Mining 
Academy  of  Freiberg,  Saxony.  In  1881-83,  he  served  as  an  "  articled 
assistant"  to  a  London  ci\dl  engineer.  In  1884-85, he  was  Assistant 
Manager  of  the  El  Bote  Mining  Co.,  Zacatecas,  Mex.  In  1885-87,  he 
occupied  a  similar  position  with  the  Disraeli  Mine  Syndicate  Co., 
at  Charters  Towers,  Queensland.  In  1888-89,  he  was  engaged  in 
practice  as  consulting  engineer  at  Melbourne.  In  1890,  he  became 
manager  of  the  Chamelicon  mines,  in  Honduras,  Central  America. 
In  1891-93,  he  was  manager  of  the  New  Pierrefitte  mines,  Hautes 
Pyr6n6es,  France.  In  1894-95,  he  was  manager  of  the  Metropolitan 
mine,  Johannesburg,  South  Africa.  In  1895-96,  he  was  a  consulting 
engineer  in  Rhodesia.  From  1897  to  1901,  he  was  employed  in  the 
exploration  of  concessions  bearing  gold,  diamonds,  or  manganese, 
in  Brazil.  In  1902,  he  conducted  a  surveying  and  prospecting 
expedition  to  Ashanti  and  the  '*  Gold  Coast"  region  of  Africa.  In 
1903-05,  he  was  manager  of  several  gold-mining  companies  in  the 
Transvaal.  In  1906-07,  he  conducted  an  expedition  of  mining 
exploration  to  Northeast  Siberia.  In  1908,  he  was  peacefully  settled 
as  a  consulting  engineer  in  his  London  office. 

To  the  casual  reader,  the  foregoing  sketch  of  a  "  whirlwind " 
career,  never  stopping  for  more  than  a  year  or  two  at  any  one  point, 
might  seem  like  the  story  of  a  rolling  stone,  gathering  no  moss. 
But  he  who  knows  the  ways  of  British  investors  will  divine  that 
this  man,  having  earned  tte  confidence  of  a  circle  of  enterprising 
capitalists,  was  sent  by  them,  in  swift  succession,  to  all  parts  of  the 
world — here  to  reconnoiter  in  advance,  there  to  organize  and  initiate, 
their  mining  adventures.  The  story,  as  I  have  told  it  above,  leaves 
Mr.  Lawrence  in  his  London  office.  I  am  not  surprised  to  learn 
that  he  was  sent  later  to  inspect  mining  properties  in  Norway. 
Unfortunately,  his  health,  seriously  impaired  by  the  hardships  of 
the  Siberian  exploration  of  1906-07,  was  further  imperiled  by  a 
serious  illness,  contracted  in  Norway,  in  Dec,  1910,  from  which  he 
never  fully  recovered,  although  he  managed,  after  this  attack,  to 
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resume  his  work.    He  died  of  heart-failure,  May  8, 1911,  on  his  way 
home  from  the  last  of  his  many  adventurous  expeditions. 

Mr.  Ijawrence  had  been  a  member  of  the  Institute  since  1893. 
When  he  died,  at  the  age  of  52,  the  profession  to  which  he  belonged 
lost  not  only  an  accomplished  member,  and  the  prospect  of  much 
excellent  work  which  he  was  qualified  to  perform,  but  also  a  vast 
amount  of  useful  knowledge  and  experience  which  he  had  accumu- 
lated, and  which  died  with  him.  Might  not  an  old  man  of  72 
preach  a  little  sermon  on  this  text  to  the  young  ones  of  52 — or  even 
less — or  even  more  ?  R.  W.  R. 

Charles  A.  Matcham  was  born  Jan.  15,  1852,  at  Torquay,  Devon- 
shire, Eng.,  and  educated  in  the  schools  of  Hambledon  and 
Brighton.  Obtaining  employment,  at  the  age  of  23,  in  a  London 
engineering  business,  he  attended  also  a  night-class  in  engineering, 
winning,  after  public  examinations,  the  first  prize.  In  1879,  he 
entered  the  service  of  the  American  Bell  Telephone  Co.,  which  had 
then  recently  obtained  concessions  for  the  establishment  of  tele- 
phone exchanges  in  many  European  countries.  He  built  exchanges 
and  organized  operations  in  Antwerp,  Brussels  and  Charleroi,  Bel- 
gium, and  also  in  Riga  and  St.  Petersourg,  Russia,  where  the  Czar's 
winter-palace  was  wired  under  his  direction — an  operation  which 
greatly  promoted  the  introduction  of  the  telephone  throughout  the 
Russian  Empire. 

In  1881,  Mr.  Matcham  came  to  the  United  States,  and  continued 
his  work  as  a  builder  of  telephone  exchanges  at  Chicago,  111.,  Mem- 
phis, Tenn.,  and  AUentown,  Pa.,  where  in  1884  he  became,  and 
remained  for  several  years,  manager  of  the  Pennsylvania  Tele- 
phone Co. 

Iq  1890  Mr.  Matcham  associated  himself  with  his  brother-in-law, 
Thomas  D.  Whittaker,  under  the  name  of  the  Whittaker  Cement 
Co.,  establishing  a  cement-works  near  Phillipsburg,  N.  J.,  of  which 
he  was  General  Superintendent  until,  and  after,  the  plant  was  sold  to 
the  Alpha  Portland  Cement  Co.,  in  1893.  Resigning  in  1897,  he 
organized,  with  Col.  H.  C.  Trexler,  the  Lehigh  Portland  Cement  Co., 
the  plant  of  which  he  managed  for  a  number  of  years.  More  re- 
cently, he  erected  the  mill  of  the  AUentown  Portland  Cement  Co., 
at  Evansville,  Berks  county,  Pa. ;  and  he  was  President  of  the  Fuller 
Engineering  Co.  until,  in  1910,  he  was  compelled  by  illness  to  retire 
from  business  activity.  The  number  of  successful  enterprises  which 
he  organized  and  conducted  proves  not  only  his  ability,  but  also 
the  high  degree  of  confidence  reposed  in  him  by  investors.  Some 
of  the  cement-machinery  employed  in  these  enterprises  was  in- 
vented by  him. 

Besides  this  Institute,  of  which  he  became  a  member  in  1897, 
Mr.  Matcham  was  a  member  of  the  American  Society  of  Civil  Engi- 
neers, the  American  Society  for  Testing  Materials,  the  National  Geo- 
graphical Society,  the  Manufacturers'  Club  of  Philadelphia,  and 
other  organizations  in  AUentown  and  Easton.  He  died,  Sept.  16, 
1911,  greatly  lamented  by  his  fellow-citizens  and  business  asso- 
ciates, as  well  as  the  closer  circle  of  kinship  and  friendship.  In 
view  of  his  leadership  in  the  great  modern  industry  of  the  Lehigh 
Valley,  the  AUentown  Morning  Call  gave  to  its  editorial  tribute  a 
most  appropriate  title — "  The  Passing  of  a  Master  Builder." 

R.  W.  R 


Digitized  by 


Google 


xxviii         Monthly  Bulletin,  No.  67,  July,  1912. 

Herman  C,  Meister  was  bom  June  22, 1856,  at  St.  Louis,  Mo.  In 
1872,  after  preliminary  education  at  a  private  school  and  at  Smith 
Academy,  he  entered  Washington  University,  from  which  he  was 
graduated  in  1876  with  high  honors,  receiving  the  degree  of  E.  M. 
During  the  following  term,  he  was  an  Instructor  at  the  University, 
and  in  1877  he  went  first  to  direct  prospecting-work  in  southwestern 
Missouri,  and  later  to  Leadville,  Colo.,  where  he  became  assayer  for  a 
silver-mining  company.  In  1878,  he  joined  a  prospecting-party  in 
Mexico  and  Lower  California ;  but  the  exertions  and  hardships  of 
this  trip  broke  down  his  health,  and  he  returned  to  St.  Louis  in 
1879  for  needed  rest  and  recovery.  In  1880  he  went  to  Joplin,  Mo., 
where  he  was  professionally  employed  until  1883,  when  he  became 
connected  with  the  zinc-smelting  works  at  CoUinsville,  111.  These 
works  had  been  established  in  1879,  and  were  owned  by  private 
firms  until  1888,  when  the  business  was  incorporated  as  the  CoUins- 
ville Zinc  Co.,  of  which  Mr.  Meister  was  for  many  years  President. 
I  quote  from  the  Engineering  and  Milling  Journal  of  Dec.  30,  1911, 
the  following  description  of  these  works  (which  were  operated  with 
profit  for  many  years)  and  of  Mr.  Meister's  contributions  to  metal- 
lurgical progress : 

It  was  a  plant  of  Belgian  furnaces,  which,  at  the  time  of  its  construction  and 
for  many  years  subsequently,  were  of  almost  universal  use  in  the  West ;  but  the 
Collin>ville  plant  was  superior  to  most  of  the  constructions  of  its  time,  evidencing 
the  thought  and  direction  of  a  well  trained  and  scientific  metallurgical  engineer. 
This  was  the  first  zinc-smelting  plant  in  the  United  States  to  be  built  entirely 
above  ground  (save,  of  course,  the  foundations),  thus  dispensing  with  the  unsani- 
tary and  uneconomical  subterranean  furnace-cellars  that  used  to  characterize  zinc- 
smelting  works,  not  only  in  the  United  States  but  also  in  Europe.  Mr.  Meister, 
jointly  with  Mr.  Edgar,  of  the  Glendale  works,  St  Louis,  was  the  first  to  iniro- 
duce  mechanical  reverberatory  furnaces  for  blende- roasting  in  the  United  States, 
and  for  many  years  the  Brown  horseshoe-furnace  was  successfully  in  use  at  Col- 
linsville.  These  few  examples  indicate  Mr.  Meister' s  intelligence  and  enterprise 
in  the  zinc-smelting  business.  In  1901,  or  about  that  time,  when  the  old  Belgian 
coal-smelters  had  generally  to  be  put  out  of  operation,  owing  to  inability  to  com- 
pete successfully  with  the  smelters  using  natural  gas,  the  CoUinsville  works  aUo 
nad  to  become  idle.  However,  they  were  maintained  in  good  repair,  and  from 
time  to  time  were  put  in  operation  for  short  campaigns  when  market-conditions 
enabled  a  profit  to  be  made.  Thus,  they  were  in  operation  in  the  early  part  of 
1911. 

The  courage  and  skill  with  which  Mr.  Meister  maintained  for  so 
many  years  a  losing  fight  against  hostile  natural  conditions  reflect 
great  credit  upon  him.  In  1877,  he  became  a  member  of  the  Insti- 
tute; and  in  1904,  he  presented,  at  the  St.  Louis  supplementary 
session  of  the  Lake  Superior  meeting  of  that  year,  a  paper  on  The 
Zinc-Smelting  Industry  of  the  Middle  West  (Trans,,  xxxv.,  734), 
which  exhibited  his  comprehensive  grasp  of  the  suiDJect^  and  his 
acquaintance  with  existing  conditions  and  practice.  It  is  worthy 
of  notice  that  nothing  in  this  paper  favors,  or  even  indicates,  the 
personal  interest  of  the  author  in  any  particular  process  or  enter- 
prise. The  whole  of  it  might  have  been  written  by  a  disinterested 
outside  observer — only  an  outsider  would  not  be  likely  to  know  so 
much  about  the  inside ! 

The  renewal  of  work  at  CoUinsville  in  1911  (the  fatal  rivalry  of 
natural  gas  in  other  districts  having  largely  died  out)  was  probably 
too  much  for  Mr.  Meister's  strength.  The  favorable  conditions  for 
which  he  had  so  long  waited  had  come  at  last ;  but  one  condition 
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had  become  less  favorable,  namely,  his  own  ability  to  carry  the 
burden.  At  all  events,  on  the  morning  of  Nov.  27,  1911,  having 
risen  and  breakfasted  early,  in  order  to  meet  a  business  engagement, 
he  suddenly  became  unconscious,  and  died  in  the  presence  of  his 
devoted  wife,  before  the  physician  could  be  of  use.  A  subsequent 
post-mortem  examination  revealed,  as  the  cause  of  death,  *' arterial 
sclerosis,"  which  is  the  inevitable  sign  and  accompaniment  of  the 
failure  due  to  advancing  age ;  and  age  in  a  man,  as  in  a  blast-furnace, 
is  measured,  not  by  years  of  duration,  but  by  the  tonnage  of  product 
and  the  total  of  wear.  Thus,  at  the  age  of  56,  this  strong  man, 
having  done  a  full  life's  work,  fell  in  harness,  while  still  straining 
at  his  work. 

Mr.  Meister's  personal  integrity,  generosity,  loyalty  in  love  and 
friendship,  and  devotion  to  duty,  were  characteristics  which  should 
be  recognized  in  this  brief  and  imperfect  notice.  R.  W,  R. 

Paid  Ambrose  Oliver  was  born  July  18,  1831,  in  the  English  Chan- 
nel, on  board  of  an  American  vessel,  of  which  his  father  was  the 
commander.  After  a  preliminary  education  in  Germany,  he  re- 
turned to  New  York,  and  engaged  in  the  shipping  business,  which 
he  subsequently  limited,  in  partnership  with  his  brother,  to  the 
cotton-trade  between  New  Orleans  and  New  York.  During  this 
period,  he  resided  at  Fort  Hamilton,  N.  Y. ;  and  in  1856,  during  the 
local  epidemic  of  yellow  fever,  which  is  still  remembered,  he  organ- 
ized the  Relief  Society,  of  which  he  was  President. 

After  the  outbreak  of  the  War  for  the  Union,  he  entered  the  United 
States  army,  Feb.  27,  1862,  as  second  lieutenant  in  the  12th  N.  Y. 
Volunteers.  Promoted  soon  after  to  be  first  lieutenant,  he  com- 
manded his  company  at  Gaines's  Mills,  June  27,  1862 — where  he 
was  wounded — the  second  Bull  Run  battle,  Aug.  20, 1862 ;  Antietam, 
Sept.  17,  1862;  and  Fredericksburg,  Dec.  13,  1862.  Subsequently, 
he  served  on  the  staff  of  Gen.  Butterfield,  then  on  that  of  Gen. 
Meade,  and  then  on  that  of  Gen.  Hooker,  in  the  Army  of  the  Cum- 
berland. He  received.  May  16, 1862,  the  much-coveted  medal  of 
honor  from  Congress  for  his  gallantry  at  the  battle  of  Resaca,  Ga. 
In  1864,  as  chief  of  staff  to  Gen.  Butterfield,  he  participated  in  the 
battle  of  Lookout  Mountain,  and  subsequent  campaigns  near 
Atlanta.  Subsequently  transferred,  at  his  own  request,  to  tne  Army 
of  the  Potomac,  he  bore  a  responsible  and  honorable  part  in  the 
final  operations  of  the  war,  and  was  detailed  to  assist  in  paroling 
the  soldiers  of  the  Confederacy  after  the  surrender  at  Appomatox, 
in  1865.  In  May  of  that  year,  he  received  his  honorable  discharge 
from  the  United  States  army,  which  he  left,  after  long  and  brilliant 
service,  for  which  he  received  a  brevet  as  Brigadier  General. 

Upon  returning  to  civil  life,  General  Oliver  engaged  in  the  coal 
business  with  Samuel  Bonnell,  Jr.,  his  brother-in-law.  Removing 
to  Wilkes-Barre  in  1869,  he  built  there  a  small  powder-mill.  Sub- 
sequently, he  organized  the  Luzerne  Powder  Co.,  bought  out  an 
olaer  concern  engaged  in  the  same  business,  and  established  the 
famous  mills  at  Laurel  Run,  near  Wilkes-Barre.  The  machinery 
in  this  plant,  invented  by  him,  and  the  arrangements  and  rules  of 
operation  which  he  devised,  reduced  to  a  minimum  the  danger  of 
destructive  explosions.  In  1903,  he  sold  the  plant  to  the  Dupont 
Powder  Co.,  and,  retiring  from  business,  resided  at  Oliver's  Mills  for 
the  rest  of  his  life. 
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General  Oliver  became  an  Associate  of  the  Institute  at  its  first 
meeting,  held  at  Wilkes-Barre,  in  May,  1871.  In  1877,  a  second 
Wilkes- Barre  meeting  was  held,  in  connection  with  which  he  enter- 
tained the  Institute  party  at  Laurel  Run,  where  opportunity  was 
given  for  the  inspection  of  his  process  in  the  manufacture  of  gun- 
powder (see  Trans.,  vi.,  5).  In  October,  1891,  during  the  Glen  Sum- 
mit meeting,  a  picturesque  and  unique  "  camp-fire  "  reception,  given 
by  him  in  the  beautiful  forest  near  his  residence,  was  attended  by 
hundreds  of  members  and  guests,  who  lingered  until  midnight, 
enjoying  the  ingenious  and  charming  entertainment  provided  by 
this  veteran  soldier  for  his  comrades  in  the  campaigns  of  peaceful 
industry.  At  this  gathering,  an  interesting  report  from  a  Special 
Committee,  appointed  at  a  previous  session  of  the  Institute,  was 
adopted  by  acclamation.  (This  report,  for  which  see  Trans.,  xx., 
Ixiv.,  recalls  the  events  and  leaders  of  the  Institute  for  the  past  20 
years,  and  cordially  recognizes  the  generous  co-operation  of  General 
Oliver). 

Among  other  societies  of  which  he  was  a  member,  were  the 
Military  Order  of  the  Loyal  Legion,  the  Society  of  the  Army  of  the 
Potomac,  the  Huguenot  Society,  the  Society  of  the  War  of  1812, 
and  the  Netherland  Society  of  Philadelphia — a  list  which  indicates 
both  his  honorable  ancestry  and  his  own  distinguished  career. 

At  the  age  of  81,  after  many  years  of  exposure  to  the  perils  of 
war,  and  oi  the  most  dangerous  business  known  outside  of  actual 
warfare,  General  Oliver  received  from  an  accidental  fiill  cerebral 
injuries. which  terminated  in  his  death,  May  18,  1912,  at  his  own 
home  at  Oliver's  Mills.  It  is  said  that  he  had  almost  never  been 
ill,  and  that,  up  to  the  last,  he  was  accustomed  to  go  often  to 
Wilkes-Barre,  and  attend  to  business.  His  sudden  and  painless 
death,  delivering  him  from  the  slow  decay  of  age,  must  be  deemed 
a  crowning  blessing  upon  his  long  and  illustrious  life.     R.  W.  R. 

W.  J.  Sutherland  was  born  in  January,  1844,  at  L'Avenir  in  the  prov- 
ince of  Quebec,  and  educated  at  the  Academy  of  Ulverton,  Quebec, 
and  at  McGill  College,  Montreal.  Removing  to  the  State  of  Maine, 
he  taught  school  there  for  a  time,  and  later  served,  as  a  member  of 
a  Maine  regiment,  in  the  war  for  the  Union.  After  the  close  of  that 
war,  he  went  to  Cuba,  where  he  distinguished  himself  in  the 
Spanish  service,  was  severely  wounded,  and  received  the  rank  of 
Colonel.  Returning  to  the  United  States,  he  worked  for  a  while 
under  the  Coast  and  Hydrographic  Survey,  then  studied  law  in 
Boston,  and  at  the  Albany  law-school,  and  was  admitted  to  practice 
in  1875. 

In  1879  Colonel  Sutherland  became  interested  in  mines  at  Can- 
delaria,  Nev.,  and,  increasing  his  holdings  from  time  to  time,  also 
secured  the  aid  of  foreign  capital,  built  a  pipe-line  bringing  water  to 
Candelaria  from  the  White  mountains,  and  erected  a  large  silver- 
mill,  which  continued  in  operation  until  the  great  decline  in  the 
f)rice  of  silver  rendered  it  unprofitable.  About  1900,  Mr.  Suther- 
and  undertook  the  development  of  what  is  now  known  as  the 
profitable  Alaska-Perseverance  gold-mine,  near  Juneau,  Alaska. 
At  the  time  of  his  death,  which  occurred  April  22,  1911,  after  a 
brief  illness,  at  his  home  in  Twickenham,  Eng.,  he  was  still  con- 
nected with  this  enterprise,  in  which  he  was  a  large  stockholder. 

Mr.  Sutherland  was  a  life-member  of  the  Institute,  having  been 
elected  in  1899.  P  ooaT(> 
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[TRA.N9ACTI0NS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 

Electrical  Fume-Precipitation. 

BY  F.   G.    COTTRELL,   SAN  PRAN0I800,   CAL. 
(New  York  Meeting,  February,  1912.) 

About  a  year  and  a  half  ago,  at  the  San  Francisco  meeting 
of  the  American  Chemical  Society,  in  connection  with  the  ex- 
cursions to  local  smelting-works,  I  had  occasion  to  show  some 
lantern-slides  illustrating  the  recent  commercial  development 
of  electrical  methods  for  precipitating  the  suspended  matter 
from  smelter-smoke,  the  underlying  phenomena  of  which  were 
clearly  brought  to  the  attention  of  the  technical  public  by  Sir 
Oliver  Lodge  as  long  ago  as  1884.  In  the  Journal  of  Indus- 
trial  and  Engineering  Chemistry^  August,  1911,  most  of  these 
views  were  reproduced,  together  with  an  account  of  the  work 
from  its  beginning  up  to  July,  1911. 

To-day  I  wish  particularly  to  show  you  some  of  the  further 
developments  of  the  work  since  that  time;  but  in  order  to 
make  these  clear  they  will  be  prefaced  by  a  brief  abstract  of 
the  article  above  referred  to. 

The  removal  of  suspended  particles,  from  gases,  by  the  aid 
of  electric  discharges  is  by  no  means  a  new  idea.  As  early 
as  1824  we  find  it  suggested  by  Hohlfeld  *  as  a  means  of  sup- 
pressing ordinary  smoke,  and  again  a  quarter  of  a  century  later 
by  Guitard.^  These  suggestions,  which  do  not  seem  to  have 
stimulated  any  practical  study  of  the  question,  were  soon  en- 
tirely forgotten,  and  only  brought  to  light  again  by  Sir  Oliver 
Lodge,*  many  years  after  he  himself  had  independently  redis- 
covered the  same  phenomena  and  brought  them  to  public 
attention  *  in  a  lecture  before  the  Liverpool  Section  of  the  So- 

*  "  Das  NiedePBchlagen  des  Rauchs  durch  Eltfctricitat  Hohlfeld,*'  Kajstner  Archiv 
Naturlehre,  vol.  ii.,  pp.  205  to  206  (1824). 

*  C.  F.  Guitard,  Mechanics  Magazine  (Nov.,  1850). 

'  Historical  Note  on  Dast  Electrification  and  Heat,  O.  J.  Lodge,  Nature^ 
vol.  Uxi.,  p.  582  (1905). 

*  The  Electrical  Deposition  of  Dust  and  Smoke,  with  Special  Reference  to  the 
Collection  of  Metallic  Fume,  and  to  a  Possible  Purification  of  the  Atmosphere, 
Journal  of  ike  Society  of  Chemical  Industry,  vol.  v.,  No.  11,  pp.  572  to  576,  with  ap- 
pended bibliography  (Nov.  29,  1886). 
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ciety  of  Chemical  Industry,  Nov.  3,  1886.  The  first  recorded 
attempt  to  apply  these  principles  commercially  appears  to  have 
been  made  at  the  Dee  Bank  Lead  Works.  The  general  prin- 
ciple of  electrical  precipitation  of  suspended  matter  was  at  this 
time  patented  by  Alfred  0.  Walker,  of  the  above  firm,  in  sev- 
eral countries,*  but  these  patents  have  long  since  expired.  The 
apparatus  was  installed  in  1885  by  the  works-manager,  W.  M. 
Hutchings,  with  the  co-operation  of  Professor  Lodge,  and  briefly 
described  by  the  former,^  just  before  its  completion,  as  consist- 
ing of  a  system  of  metallie  points  situated  in  the  flue  from  the 
lead-furnaces,  and  excited  from  two  Wimshurst  influence- 
machines,  with  glass  plates  5  ft.  in  diameter,  each  machine 
being  driven  by  a  1-h-p.  steam-engine. 

The  apparatus  undoubtedly  did  not  in  practice  fulfill  expecta- 
tions, as  we  find  nothing,  further  of  it  in  the  literature.  The 
most  apparent  weakness  of  the  project  lay,  perhaps,  in  the 
reliance  on  the  Wimshurst  machine,  which  had  then  just  been 
brought  out,  and  from  which  a  great  deal  more  was  anticipated  '^ 
than  has  been  justified  by  experience,  at  least  as  far  as  com- 
mercial applications  are  concerned. 

None  of  these  suggestions  and  patents  had  been  successful 
in  commercial  operation  when,  about  1906,  occasion  was  taken 
to  repeat  Lodge's  early  experiments,  and  to  endeavor  to 
reduce  to  engineering  practice,  under  more  favorable  condi- 
tions, the  principles  and  processes  developed  by  Lodge  and 
Walker. 

The  precipitation  of  suspended  matter  in  gases  or  liquids 
may  be  accelerated  by  either  the  alternating  or  the  direct  elec- 
tric current.  The  former  acts  chiefly  by  agglomerating  the 
suspended  particles  so  that,  constituting  larger  bodies,  they 
settle  by  gravity  more  rapidly.  Such  an  application  has  been 
made  in  Europe,  it  is  claimed,  by  sending  powerful  Hertzian 
waves  into  foggy  air.     Another  is  the  use  of  the  alternating 


*  Great  Britain,  11,120,  Aug.  9,  1884;  Belgium,  68,927,  May  19,  1885  ;  Spain, 
7,211,  July  10,  1885;  Germany,  32,861,  Feb.  27,  1885;  Italy,  18,007,  Mar.  31, 
1885  ;  United  States,  342,548,  May  25,  1886. 

•  Berg-  wnd  HiiUenmannUcke Zeitungj  vol.xliv.,  No.  25,  pp.  253  to  254  (June  19, 
1885). 

'  A.  O.  Walker,  Engitieering  (London),  vol.  xzxiz,  pp.  627  to  628  (June  5, 
1885).     G.  Tissandier,  Electrician  (Ix»ndon),  vol.  xvii.,  p.  S'd  (May  21,  1886). 
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current  devised  by  Buchner  Speed  and  me  for  separating 
emulsified  water  from  crude  California  petroleum." 

But  for  the  voluminous  gases  of  smelters,  moving  rapidly 
through  flues — or  even  expanded  into  dust-chambers — this  ag- 
glomerating and  settling  process  is  too  slow;  and  recourse 
must  be  had  to  the  direct  current.  If  a  needle-point,  connected 
to  one  side  of  a  high-potential  direct-current  line,  be  brought 
opposite  to  a  plate  connected  to  the  other  side  of  the  line,  the 
space  between,  and  any  insulated  body  contained  in  it,  become 
highly  charged  with  electricity  of  the  same  sign  as  the  needle, 
whether  positive  or  negative ;  and  such  a  body,  if  free  to 
move,  will  be  attracted  to  the  plate  of  opposite  sign.  Sus- 
pended particles  of  fume  may  thus  be  precipitated,  not  slowly 
by  gravity,  but  instantly  by  electricity,  upon  electrodes. 

To  make  this  action  commercially  practicable,  the  first  step 
was  to  get  an  economic  and  effective  source  of  high-tension 
direct  current.  In  the  installations  here  described,  this  was 
done  by  transforming  an  ordinary  alternating  current  up  to 
20,000  or  30,000  volts,  and  then  commutating  to  an  intermit- 
tent direct  current,  by  means  of  a  rotary  contact-maker  driven 
by  a  synchronous  motor.  This  high-tension  direct  current  is 
applied  to  a  system  of  electrodes  in  the  flue  carrying  the  gases 
to  be  treated. 

It  has  been  largely  in  the  development  of  practical  forms  and 
arrangements  of  electrodes  to  meet  the  exacting  and  varied 
conditions  of  large-scale  operations  indifferent  installations  that 
the  most  difficult  as  well  as  the  most  interesting  problems  have 
presented  themselves  and  have  gradually  been  worked  out  to 
successful  solutions. 

The  first  experiment  on  a  working-scale  was  made  at  the 
Hercules  powder-works  at  Pinole,  Cal.  The  gases  treated  con- 
tained about  4  per  cent,  by  volume  of  dry,  gaseous  sulphur 
trioxide,  and  were  brought  into  contact  with  water,  which, 
combining  with  the  sulphur  trioxide,  formed  the  far  less  volatile 
sulphuric  acid,  which  immediately  separated  as  a  dense  white 
cloud  of  suspended  particles,  so  fine  as  to  constitute  one  of  the 


®  Dehydration  of  Crude  Petroleum,  a  New  Electrical  Process,  by  Arthur  T. 
Beazley,  The  Oil  Age,  vol.  iii.,  No.  13,  p.  2  (April  21,  1911).  Water  Emulsions 
in  Grade  Petroleum,  by  Allen  C.  Wright,  Western  Engineering^  vol.  i.,  No.  3,  pp. 
207  to  210  (June,  1912). 
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most  difficult  of  all  materialB  to  remove  by  filtration,  but  easily 
and  successfully  precipitated  by  the  electric  current. 

The  next  installation  was  made  at  the  Vallejo  Junction 
works  of  the  Selby  Smelting  &  Lead  Co.,  where  the  stack  of 
the  refinery  discharged  the  mists  which  escaped  from  the  boil- 
ing sulphuric  acid  used  to  dissolve  silver.  These  were  success- 
fully treated,  and  the  electrical  precipitation  process  has  been 
in  steady  commercial  operation  there  ever  since. 

The  problem  next  attacked  was  the  treatment  of  the  gases 
from  the  pyrites-  and  matte-roasters  of  the  same  plant.  Here  the 
material  to  be  removed  was  a  mixture  of  solid  dust  and  fume, 
with  liquid  sulphuric  acid.  The  latter  often  exceeded  in  weight 
all  the  solids  in  the  gas.  Moreover,  the  gases  were  highly 
charged  with  water-vapor,  which  diluted  the  acid  and  produced 
a  muddy  deposit.  These  features  required  a  new  construction, 
by  which  the  gases  were  treated  in  flues  of  sheet-lead. 

A  later  and  larger  installation  was  made  at  the  Balaklala 
smelter  at  Coram,  Shasta  county,  Cal.,  where  more  than  250,- 
000  cu.  ft.  of  gas  per  minute  was  treated. 

The  work  at  Balaklala  may  fairly  be  likened  to  one  of  those 
"  successful "  surgical  ^operations  where  the  patient  incident- 
ally dies.  The  process  worked,  and  technical  difficulties  were 
one  after  another  overcome  and  efficiency  steadily  increased 
during  the  months  of  operation  up  to  the  very  end,  but  gen- 
eral conditions  did  not  justify  the  continued  operation  of  the 
smelter,  and  it  finally  closed. 

The  installation  served,  however,  to  thoroughly  demonstrate 
that  there  was  nothing  fundamentally  impracticable  about  ap- 
plying the  method  to  plants  of  any  desired  size.  In  the  paper 
in  the  Journal  of  Industrial  and  Chemical  Engineering^  of  which 
the  foregoing  is  a  brief  and  partial  abstract,  details  (including 
drawings  and  photograph)  of  the  various  plants  may  be  found. 

After  the  Balaklala,  the  next  large  problem  to  be  actively 
undertaken  was  the  equipment  of  the  plant  of  the  Riverside 
Portland  Cement  Co.,  in  southern  California.  The  orange- 
growers  of  the  surrounding  district  had  complained  of  the 
dust  thrown  out  from  the  rotary  kilns,  and  this  company  was 
very  desirous  of  abating  the  nuisance. 
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A  general  view  of  this  plant  is  shown  in  Fig.  1.  The  kiln- 
stacks  are  seen  just  protruding  above  the  roof  of  the  kiln-room. 
On  top  of  this  building  and  exactly  in  the  middle  of  the  picture 
is  the  initial  experimental  installation  of  two  small  precipitating- 
units,  built  on  practically  the  same  lines  as  those  at  the  Bala- 
klala  plant,  but  of  very  much  smaller  capacity.  With  the  help 
of  these,  the  new  conditions,  such  as  temperature  and  character 
of  dust  and  gases,  were  first  studied,  and  then  construction  was 
commenced  on  a  full-sized  treater  to  handle  the  50,000  cu.  ft. 
of  gases  per  minute  from  one  of  the  ten  kilns  in  this  mill. 
This  is  the  structure  seen  at  the  right  or  opposite  end  of  the 
row  of  stacks. 

The  effect  on  the  appearance  of  the  issuing  gases  due  to 
turning  on  the  electric  current,  the  solid  particles  being  all 
retained  within  the  treater,  is  shown  in  Fig.  2.  These  two 
views  were  taken  only  a  few  moments  apart  under  otherwise 
identical  conditions.  The  smoke  of  the  other  nine  kilns  is,  of 
course,  in  no  wise  affected.  Fig.  3  is  a  closer  view  of  this  same 
treater. 

The  work  of  similarly  equipping  the  other  nine  kilns  is  now 
under  way,  and  by  the  end  of  the  year  it  is  hoped  to  have  the 
entire  plant  thus  equipped. 

An  interesting  development  of  this  installation  has  been  the 
finding  in  the  collected  dust  of  considerable  amounts  of  potash- 
salts  soluble  in  water,  and  the  possibility  which  this  suggests 
of  definitely  seeking  high-potash  raw  materials  for  cement- 
manufacture,  for  the  sake  of  the  by-products. 

The  effect  of  turning  on  the  current  in  a  small  experimental 
precipitator  handling  about  3,000  cu.  ft.  of  gases  per  minute 
coming  from  basic-lined  copper-converters  blowing  a  some- 
what leady  matte,  at  the  Q-arfield  plant,  is  shown  in  Figs.  4  and 
5.  The  collecting- electrodes  in  this  case  are  tubular  in  form 
with  the  discharge-electrode  in  the  axes  of  the  tube.  A  full- 
scale  working-unit,  capable  of  treating  all  the  gases  from  one 
large  basic  converter,  is  now  under  construction  at  this  plant, 
and  will  probably  be  completed  by  June,  1912.  In  this 
plant  the  sole  object  is  the  recovery  of  values,  as  fume-nuisance 
problems  have  not  arisen. 

Perhaps  not  the  least  interesting  phase  of  this  work  centers 
around  an  experiment  in  economics  to  which  the  larger  portion 
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of  the  patent-rights  covering  the  process  in  this  country  are  • 
being  devoted. 

As  mentioned  in  the  introduction,  this  work  grew  from  ex- 
periments started  in  the  Chemistry  Department  of  the  Uni- 
versity of  California.  When  it  became  necessary  to  extend 
these  to  operations  on  a  commercial  scale,  it  was  three  alumni 
of  that  department,  E.  S.  Heller,  Dr.  Harry  East  Miller,  and 
Prof.  Edmond  O'Neill,  who  furnished  the  sinews  of  war  and 
helped  to  guide  the  business  administration,  under  an  informal 
mutual  understanding  that,  as  soon  as  the  venture  repaid  the 
investment  with  reasonable  interest,  a  considerable  portion  at 
least  of  the  remaining  patent-rights  should  be  turned  over 
either  to  the  University  or  to  some  other  academic  institution, 
as  the  nucleus  of  an  endowment  for  scientific  research. 

By  the  time  the  business  had  reached  this  degree  of  finan- 
cial success,  it  was  no  longer  local  in  its  application;  and  it 
was  felt  that  it  should  be  in  the  hands  of  a  more  widely  repre- 
sentative institution  than  a  State  University.  Consultation 
with  the  oflSlcers  of  several  of  our  national  scientific  and  engi- 
neering societies  made  it  clear  that  none  of  these  societies 
was  organized  to  administer  adequately  such  a  business ;  but 
finally,  through  Director  Holmes,  of  the  Bureau  of  Mines,  the 
matter  was  brought  to  the  attention  of  the  Smithsonian  Insti- 
tution, and  a  formal  offer  of  the  patent-rights  still  remaining 
unsold  was  made  to  that  body. 

In  consultation  with  the  Board  of  Regents  of  the  Institution 
it  was  finally  decided  most  expedient  to  create  a  separate  board 
of  administration  to  manage  business  matters  in  connection 
with  licensing  and  further  development  of  the  patents,  and  turn 
over  the  net  profits  to  the  Smithsonian  or  other  scientific  and 
educational  institutions  or  societies  for  use  in  scientific  re- 
search. This  Board  has  recently  been  organized  under  the 
name  of  the  "  Research  Corporation,"  with  offices  at  63  Wall 
Street,  Xew  York  City,  and  will  be  conducted  like  any  other 
business  corporation,  save  that  no  dividends  are  paid  to  stock- 
holders, the  whole  of  the  net  profits  being  devoted  to  scientific 
research. 

Already  a  number  of  other  patents  are  being  offered  to  the 
corporation,  both  from  this  country  and  abroad,  for  the  move- 
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Fig.  1.— Plant  of  Riveusidb  Portland  Cement  Co.,  Showing  Gas-Tbeat: 
ON  Roof.     CuBREirr  Off. 


Fig.  2. — Plant  of  Riverside  Portland  Cement  Co.,  Showing  Suppressh 
OF  Smoke  after  Turnixg  On  Current. 
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Fig.  3. — Gas-Treater  at  Plant  of  Riverside  Portland  Cement  Co. 
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Fig.  4.— Experimental  Tubular  Treater  at  the  Garfield  Plant  Before 
Application  of  Current. 


Fig.  5. — Tubular  Treater  with  Current  On. 
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ment  has  no  geographical  limits,  either  as  regards  sources  of 
revenue  or  expenditure  of  income. 

As  the  corporation  will  soon  issue  detailed  literature  de- 
scriptive of  its  aims,  objects,  and  methods,  it  will  be  needless 
to  detain  you  here  with  these,  but  your  interest  and  encourage- 
ment are  earnestly  bespoken  in  behalf  of  this  new  project. 

Discussion. 

F.  W.  C.  ScHNiBwiND,  New  York,  N.  Y. :  Have  you  any  idea 
as  to  cost  of  operation  ? 

Mr.  Cottrbll  :  I  omitted  to  speak  of  the  cost  of  installation. 
The  precipitation-plant  at  the  Balaklala  smelter,  up  to  the  time 
of  initial  operation,  including  the  construction  of  flues,  installa- 
tion of  the  apparatus,  etc.,  cost  $107,000,  and  subsequent  modifi- 
cations probably  represented  at  least  $15,000  more.  Upon  the 
information  gained  in  this  plant,  the  installation  at  the  cement- 
mill,  handling  nearly  twice  as  much  gas,  has  been  reduced  in 
cost  in  a  number  of  ways,  but  the  overhead  construction,  carry- 
ing the  precipitator  at  the  top  of  the  stacks,  is  naturally  expen- 
sive, yet,  even  so,  the  total  cost  of  construction  will  probably 
not  greatly  exceed  $150,000. 

The  mechanical  details  of  the  tubular  form  last  shown  have 
been  worked  out  more  recently  than  those  of  the  plate  form, 
and  the  tubular  form  promises  to  be  still  less  expensive  in  con- 
struction, as  you  would  naturally  expect.  The  cost  of  operat- 
ing the  plant  varies  somewhat  with  the  character  of  the  gases 
used.  The  amount  of  power  consumed  is  not  determined  by 
the  tonnage  of  the  material  collected,  but  by  the  volume  of  gas 
to  be  handled.  It  takes  as  much  power  to  precipitate  a  thin 
cloud  as  a  dense  one. 

In  the  cement-plant  they  are  getting  a  higher  efficiency;  i.  e., 
a  greater  number  of  cubic  feet  treated  per  kilowatt  than  in  the 
earlier  plants.  This  is  perhaps  partly  due  to  higher  tempera- 
ture of  the  gases,  which  here  average  about  450°  G.  The  best 
fiscnres  on  the  cement-plant  are  between  3  kw.  and  4  kvv.  of 
electrical  energy  for  the  unit  shown  in  the  picture,  which  is  an 
entirely  insignificant  quantity  of  energy  for  the  amount  of  gas 
treated,  representing  for  the  complete  installation  probably  less 
than   1   per  cent,  of  the  power  used  for  other  purposes  about 
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the  mill.     The  new  units  being  larger,  however,  will  consume 
somewhat  more  energy. 

Dr.  Schniewind  :   What  is  the  tonnage  production  ? 

Mr.  Cottrell  :  The  mill  is  rated  at  4,000  barrels  of  cement 
per  day.  Smaller  installations  would  naturally  consume  some- 
what more  energy  per  cubic  foot  of  gas  treated.  In  the  Balak- 
lala  plant,  the  power-consumption  was  about  120  kw.  This 
higher  power-consumption  was  partly  due  to  the  less  perfect 
state  of  the  art  and  partly  to  different  conditions  of  the  gases 
under  treatment. 

E.  Gybbon  Spilsbury,  New  York,  N.  Y. :  I  wish  to  ask 
about  the  coating  of  the  plates  with  deposit;  first  of  all,  how 
this  is  thrown  down,  and  also  whether,  after  long  use,  there  is 
not  a  gradual  building  up,  hardening,  and  attaching  to  the 
plates  themselves,  of  a  coating  which  might  gradually  choke 
up  the  whole  thing,  and  cause  those  products,  which  are  de- 
posited at  so  great  a  heat  that  they  would  almost  fuse  together, 
to  be  an  obstruction  in  the  operation  of  the  plant.  In  the  flues 
there  would  be  an  aggregation  of  flue-dust  which  would  grad- 
ually cement  together. 

Mr.  Cottrell  :  That  is  one  thing  that  has  to  be  met  very 
carefully  in  the  engineering  of  the  plant  by  determining  the 
proper  temperatu  res  at  which  to  install  the  apparatus.  The 
plants  thus  far  installed  have  furnished  an  agreeable  surprise 
by  presenting  less  of  these  troubles  than  was  expected.  The 
first  plant  treated  simply  sulphuric  acid  fumes,  which  became 
liquid  and  ran  oft'  the  plates.  The  next  was  in  connection  with 
roaster-gases  at  the  Selby  plant,  where  they  were  roasting  a 
mixture  of  California  concentrates.  The  fumes  here  were  a 
mixture  of  sulphuric  acid  and  flue-dust,  with  some  arsenic  and 
lead  sulphate,  and  it  was  diflBicult  to  keep  the  apparatus  from 
caking  up.  The  work  began  with  the  idea  of  putting  in  iron 
plates  in  a  brick  flue.  After  making  careful  tests,  it  was  de- 
cided that,  in  order  to  accomplish  what  was  wanted  in  the  way 
of  suppressing  all  the  fumes,  it  would  be  necessary  to  cool  the 
gases  suflSciently  to  insure  all  the  sulphuric  acid  being  con- 
densed from  the  gaseous  state  into  liquid  droplets.     This  made 
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the  precipitated  mixture  so  muddy  that  it  was  necessary  to 
abandon  the  iron  and  brick  construction  and  substitute  lead 
flues  and  lead  electrodes  in  its  place.  In  this  case  the  mate- 
rial came  down  as  a  mud  more  or  less  caky.  This  necessitated 
the  intermittent  operation  of  individual  precipitation-units. 
Each  was  operated  about  6  or  8  hr.  at  a  time,  and  then  it  was 
necessary  to  open  the  top  of  the  flue  on  hinges  like  a  box 
and  flush  the  electrodes  down  with  a  hose. 

It  was  found  that  as  long  as  the  materials  thrown  down  did 
not  carry  more  than  10  or  15  per  cent,  of  moisture,  the  deposit 
was  so  spongy  that  it  could  be  shaken  off";  but  when,  for  ex- 
ample, the  material  contained  equal  proportions  of  sulphuric 
acid,  moisture,  and  solids  it  became  necessary  to  wash  it  ofi 
with  the  hose. 

In  the  work  at  the  Balaklala  smelter  variable  conditions 
were  encountered.  It  was  at  first  thought  there  would  be  con- 
siderable corrosion  of  the  iron  flues  and  electrodes;  but  after 
six  months'  running  no  serious  corrosion  was  apparent.  The 
apparatus  stood  extremely  rough  handling. 

In  the  cement-mills  the  conditions  are  again  very  different, 
there  being  no  acid  or  moisture  to  fear.  The  conditions  prob- 
ably vary  very  much  in  different  mills,  but,  in  the  Riverside 
mill  at  least,  the  dust  comes  down  in  very  easy  form  to  handle. 
They  burn  a  raw  mixture,  which  gives  a  slight  excess  of  lime 
in  the  dust.  When  dusts  with  higher  alkalies  and  higher 
alumina  are  dealt  with,  it  may  be  necessary  to  study  the 
conditions  of  temperature  and  composition  of  the  dust  more 
carefully  to  prevent  accretions. 

The  converter-gas  problem,  at  present,  is  purely  a  matter  of 
saving  values.  There  has  been  a  good  deal  of  diflBiculty  in 
past  years  in  finding  methods  to  collect  these  particular  fumes, 
which  are  often  very  rich  in  lead  as  well  as  other  values.  The 
use  of  the  electric  precipitation-method  in  conjunction  with  the 
basic-lined  converter  gives  good  promise  of  opening  an  outlet 
for  many  siliceous,  low-grade  lead-ores  which  are  at  present 
worthless,  because  they  cannot  be  profitably  treated  in  the  lead 
blast-furnace. 

Mr.  Spilsbury  :  What  is  your  method  of  shaking  the  plates  ? 
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Mr.  Gottrell  :  Different  forms  of  rattling-  or  hammering- 
arrangements  have  been  employed  to  suit  varying  types  of 
construction,  a  relatively  slight  jarring  of  the  plates  or  tubes 
being  usually  sufficient,  the  dry  deposits  shaking  loose  very 
readily. 

Fortunately  the  work  is  now  getting  over  on  to  the  ground 
where  it  is  being  done  from  an  economical  stand-point  rather 
than  from  the  stand-point  of  possible  litigation.  I  do  not  sup- 
pose, however,  it  would  have  been  developed  to  the  extent  it 
has  been,  except  from  the  pressure  which  was  brought  upon  it 
to  avoid  litigation.  It  has  gone  beyond  that  point  now,  and  is 
being  developed  in  a  much  more  methodical  way  on  a  com- 
mercial basis. 

A.  H.  Elliott,  New  York,  N".  Y. :  In  your  main  talk  you 
said  you  were  using  oil  for  burning  the  cement.  What  would 
happen  if  the  oil  was  in  excess  and  you  got  smoky  fumes — 
would  the  tarry  matter  prevent  the  action? 

Mr.  Gottrell  :  The  soot  is  precipitated  as  well  as  the  dust. 
They  are  putting  an  installation  into  one  of  the  gas-plants  in 
California  to  treat  the  smoky  residuum  from  making  illuminat- 
ing-gas from  crude  oil.  There  is  quite  a  field  of  application 
in  that  direction.  Each  one  of  these  applications  requires  a 
certain  amount  of  engineering  adaptation,  but  the  apparatus 
has  proved  itself  flexible  enough,  with  proper  study  of  the  de- 
tails of  application,  to  meet  all  the  conditions. 

Dr.  Elliott  :  My  idea  was,  that  you  would  want  to  keep  the 
apparatus  clean.  We  have  to  consider  also  the  hydrocarbon 
ingredients  in  the  fumes  from  the  gas  of  soft  coal  or  oil  fires. 
We  have  a  number  of  oil-firing  apparatus  and  the  smoke  is  a 
great  nuisance.  The  thought  I  had  in  mind  is  that  it  would 
be  an  insulator  that  would  be  very  sticky  to  remove. 

Mr.  Gottrell:  I  imagine  in  handling  a  tarry  liquid  mass 
you  would  have  some  difficulty,  and  you  might  have  to  get 
over  that  by  special  means.  The  gas-works  installation  men- 
tioned collects  what  is  practically  a  clean  lampblack  or  soft 
carbon. 

I  used  to  illustrate  this  process  in  a  laboratory-deraonstra- 
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tion  by  simply  rigging  up  a  tobacco-pipe  and  blowing  the 
smoke  into  a  glass  precipitation-chamber,  turning  on  the  cur- 
rent and  precipitating  it  in  that  form. 

I  always  decry,  however,  the  tendency  to  hold  this  system 
up  as  a  general  means  of  suppressing  the  coal-smoke  nuisance. 
That  should  be  done,  in  most  cases,  by  proper  combustion  in 
the  first  instance.  When  you  have  good  combustion  you  get 
rid  of  the  smoke-nuisance.  Still,  there  are  isolated  special 
cases  where  it  may  be  more  expedient  to  electrically  precipi- 
tate smoke  than  to  consume  it. 

L.  C.  Graton,  ISew  York,  N.  Y. :  I  think,  perhaps,  the  instal- 
lation of  Mr.  Cottrell's  which  has  received  most  attention  from 
metallurgists  is  that  at  Balaklala.  The  fact  that  the  courts 
closed  that  plant,  after  a  trial  of  the  process,  has  led  some 
people  to  conclude  that  it  was  not  satisfactory.  From  ac- 
quaintance with  conditions  in  Shasta  county,  I  think  I  can  say 
something  that  possibly  Mr.  Cottrell  did  not  feel  free  to  say, 
and  that  is,  that  the  so-called  farmers  of  that  section  have  for 
many  years  carried  on  a  campaign  of  extortion  against  the 
smelters,  and  there  is  very  little  doubt  in  the  minds  of  dis- 
interested parties  that,  if  the  question  had  been  settled  on  its 
merits,  instead  of  by  biased  judges,  the  Balaklala  plant  would 
be  operating  to-day  with  Mr.  Cottrell's  system. 

There  is  one  question  I  would  like  to  ask,  not  from  a  metal- 
lurgical stand-point  so  much  as  indicating  the  possible  presence 
of  certain  constituents  in  the  ore,  and  that  is,  whether  such  a 
thing  as  bismuth  or  arsenic  was  found  in  the  fume  ? 

Mr.  Cottrell  :  That  ore  seems  remarkably  free  from  those 
heavy  metal  constituents.  As  you  go  up  the  "  Copper  Cres- 
cent," in  Shasta  county,  there  seems  to  be  an  increasing  quan- 
tity of  lead,  arsenic,  gold,  and  silver.  I  cannot  cite,  however, 
any  detailed  determinations.  I  have  never  seen  any  statement 
of  the  quantity  of  bismuth  present.  The  lead  at  Balaklala  was 
extremely  low,  but  I  cannot  speak  with  any  degree  of  certainty 
of  the  average  runs  there.  I  was  perfectly  willing  to  keep  out 
of  anything  that  might  draw  me  into  the  controvery  as  to  what 
the  deleterious  constituents  were.  I  was  at  Balaklala  in  the 
capacity  of  putting  in  a  particular,  definite  technical   device, 
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and  I  wanted  particularly  to  keep  that  separate  and  free  from 
any  question  of  fume-litigation,  as  far  as  I  was  concerned.  For 
that  reason,  I  did  not  take  any  special  pains  to  inform  myself 
on  the  constituents  of  the  material,  outside  of  those  matters  we 
had  to  deal  with  in  our  actual  operations,  but  my  impression 
was  that  the  lead,  arsenic,  and  bismuth  were  surprisingly  low 
in  the  fume,  compared  with  many  other  places. 

Dr.  Schniewind  :  Has  this  method  ever  been  employed  for 
the  removal  of  dust  from  iron  blast-furnace  gas  for  use  with 
producer-gas  in  gas  engines  ? 

Mr.  Cottrell  :  That  application  of  it  has  just  begun.  At- 
tention was  at  first  centered  on  the  most  urgent  questions  in 
the  West,  where  the  apparatus  was  originated  and  developed. 
I  did  take  up  some  of  that  work  later,  however,  and  discussed 
it  with  some  of  the  representatives  of  the  iron  firms  in  Indian- 
apolis and  Chicago ;  and  we  had  some  tentative  negotiations 
under  way  to  take  up  work  along  that  line,  when  the  relations 
with  the  Smithsonian  Institution  developed,  and  made  it  in- 
expedient to. get  that  work  under  way  under  the  old  manage- 
ment, and,  perhaps  later,  have  to  make  new  arrangements ;  so 
it  was  thought  better  to  defer  the  matter  until  the  new  plans 
were  in  definite  shape.  Somewhat  similar  w^ork  is,  however, 
developing  in  the  West  in  connection  with  producer-gas  and 
oil-gas  engines. 
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The  Solubility  in  Nitric  Acid  of  Gold  Contained  in  Certain 
Copper-Alloys  (Copper-Bullions). 

BY  EDWARD  KELLER,   PERTH  AMBOY,   N.    J. 
(New  York  Meeting,  Febraary,  1912.) 

In  a  paper,  entitled  A  Uniform  Method  for  the  Assay  of 
Copper  Material  for  Gold  and  Silver,^  A.  R.  Ledoux  invited  the 
assay ers  of  this  country  to  contribute  to  a  symposium,  in  which 
the  results  of  their  assays  of  given  samples  of  copper-matte  and 
metallic  copper  would  be  made  comparable.  This  symposium  ^ 
appeared  about  one  year  thereafter;  and  through  it  and  its  dis- 
cussion, first  became  generally  known  the  fact  that  the  gold- 
yield  by  the  all-fire  method  of  assaying  is  usually  higher  than 
by  the  so-called  combination  (wet  and  dry)  method,  in  which 
nitric  acid  is  employed  as  a  solvent  for  the  copper.  In  the 
publication  alluded  to,  the  supposed  cause  of  gold-losses  in  the 
latter  method  was  declared  to  be  the  solvent  action  of  copper 
nitrate,  or  of  the  reduction-products  of  the  nitric  acid,  upon  the 
gold.  Up  to  a  very  recent  date,  gold  has  been  held  to  be  in- 
soluble in  pure  nitric  acid.  (The  solvent  action  of  any  chlorine 
present  in  the  nitric  acid  must  here  properly  be  disregarded  as 
belonging  in  the  realm  of  carelessness. 

Among  later  allusions  to  this  topic,  W.  R.  Van  Liew '  ascribes 
the  solution  of  the  gold  in  the  combination-assay  entirely  to  the 
action  of  nitrous  acid  at  the  high  reaction-temperature  of  copper 
and  nitric  acid;  F.  B.  Flinn*  believes  the  low  result  in  gold  to 
be  due  exclusively  to  mechanical  losses — ^finely-divided  gold 
penetrating  through  the  filter-paper — but  presents  no  experi- 
mental data  confirmative  of  this  belief;  and  O.  Pufahl  *  attrib- 
utes the  solubility  of  the  gold  in  some  coppers  to  the  presence 
of  selenium — a  view  which  appears  to  be  shared  by  many  as- 

1  Trans.,  xxiv.,  675  (1894). 

*  Trans.,  xxv.,  260  (1895). 

*  Engineering  ajid  Mining  Journal,  vol.  Ixix.,  No.  16,  p.  469  (Apr.  21,  1900). 

*  Engineering  and  Mining  Journal,  voL  Ixxxvii.,  No.  11,  p.  569  (Mar.  13,  1909). 

*  Lunge,  Chemisehe  Tecknische  Untersuckungs  Methoden,  vol.  ii.,  p.  229  (1900). 
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sayers.  Thera  seems,  however,  to  be  no  foundation  in  fact  for 
such  an  assumption.  We  do  know  that  gold  is  dissolved  by 
concentrated  selenic  acid  when  heated.  When  copper  with 
minute  selenium-content  is  dissolved  in  nitric  acid,  selenious 
acid  is  formed,  which  is  highly  diluted,  and  has,  to  our  knowl- 
edge, no  action  whatever  on  the  gold.  Recently,  F.  P.  Dewey  ^ 
has  convincingly  demonstrated  that  pure  gold  dissolves  in 
small  quantity,  on  long-continued  boiling,  in  pure  concentrated 
nitric  acid. 

Before  discussing  experiments  and  theories  on  this  subject,  it 
may  be  well  to  state  the  chemical  composition  of  the  various 
auriferous  copper-bullions,  and  briefly  to  describe  their  treat- 
ment in  commercial  sampling  and  assaying,  since  in  this  field 
lies  the  practical  importance  of  a  thorough  knowledge  of  the 
problems  involved. 

In  shape,  copper-bullion  castings  are  generally  known  as 
pigs  (ingots),  and  slabs  (plates),  the  former  being  thick  and 
the  latter  thin,  as  compared  to  their  other  dimensions.  The 
first  form  favors  and  the  second  minimizes  so-called  segrega- 
tion. The  weight  of  the  castings  ranges  approximately  between 
200  and  600  lb.  They  are  sampled  by  drilling  through  their 
entire  thickness — the  holes  being  placed  according  to  regular 
templates ;  and  the  drillings  are  brought  to  the  proper  fineness 
by  grinding.  In  several  of  our  large  copper-refineries  the 
grinding  process  is  carried  to  a  point  where  the  whole  sample 
will  pass  a  16-  or  even  a  20-mesh  screen.  In  the  writer's  prac- 
tice these  samples  are  separated  into  coarse  and  fine  parts  by 
means  of  a  40-mesh  screen.  It  is  self-evident  that  the  fine  part 
will  contain  all  such  extraneous  matter  as  the  oxides,  slags, 
mold-wash  and  incidental  dirt,  while  the  coarse  part  consists  of 
clean  metallic  (alloy)  particles.  Table  I.  shows  diflferences  in 
metal-values  of  the  fine  and  coarse  parts  which  demonstrate 
the  necessity  of  separate  assays  of  the  two  and  the  averaging  of 
the  results' according  to  the  ratio  of  the  parts;  or  else  of  mak- 
ing combined  assays  of  the  fine  and  coarse,  mixed  and  weighed 
in  their  proper  ratio.  Some  assayers  believe  they  can  accom- 
plish this  object  equally  well  by  reducing  the  mixed  sample  to 
approximately  the  desired  weight  by  some  mechanical  cutting- 
down  device. 

•  Journal  of  the  A7nerican  Chemical  Society,  vol.  xxxii ,  No.  3,  p.  318  (Mar.,  1910). 
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As  regards  the  methods  of  assaying  the  copper-bullions  for 
gold,  little  need  be  said  of  the  all-fire  method.  It  assumes  that 
all  the  copper  is  eliminated  by  scorification  and  cupellation. 
In  these  two  operations,  gold-losses  occur  by  slagging  and  ab- 
sorption ;  but,  if  these  be  determined  and  accounted  for,  opera- 
tions by  this  method  under  varied  conditions  yield  concordant 
results,  which  are  the  most  accurate  attainable.  The  nitric- 
acid  combination-method  presents  a  very  different  case.  Here, 
variation  in  heat-conditions,  or  in  the  dilution  of  the  acid  used 
in  dissolving  the  copper,  causes  varying  quantities  of  the  gold 
to  be  dissolved,  and  therefore  lost. 

In  the  tests  embodied  in  this  paper,  a  uniform  procedure 
was  employed.  To  1  assay-ton  of  the  copper  was  added  190 
cc.  of  distilled  water  with  90  cc.  of  pure  nitric  acid  (sp.  gr.  1.42) ; 
and  after  the  violence  of  the  reaction  had  subsided,  the  beaker 
was  placed  on  a  steam-plate,  at  160°  F.,  where  it  was  left  until 
the  red  fumes  had  been  expelled.  No  chloride  was  used  to 
precipitate  the  silver ;  but  the  gold  was  gathered  on  a  triple 
8.  &  S.,  No.  597,  12.5  cm.  filter  covered  with  2  g.  of  test-lead; 
and,  after  incineration  of  the  filter  and  the  addition  of  20  g.  of 
test-lead,  a  sufficient  quantity  of  silver,  in  the  form  of  nitrate 
crystals,  was  added.  That  part  of  the  combination-method 
designated  as  "  dry  "  needs  no  description,  since  what  has  been 
said  of  the  all-fire  method  holds  true  here,  namely,  that  when 
the  so-called  fire-losses  are  determined  and  accounted  for,  varia- 
tions in  this  part  of  the  method  do  not  alter  the  results. 

When,  therefore,  we  have  determined  the  amount  of  gold  by 
the  all-fire  method  and  the  amount  by  the  combination-method, 
the  difference  should  be  equal  to  the  gold-loss  by  solution  in 
the  latter  method.  (The  suggestion  that  this  difference  may 
involve  other  factors  will  be  discussed  hereafter.)  All  the  re- 
sults for  gold  given  in  this  paper  are  averages,  generally  of  five 
assays,  often  of  more.  The  accuracy  of  the  all-fire  method  is, 
almost  without  exception,  within  0.03  oz.  per  ton,  while  the 
combination-method  sometimes  shows  on  the  higher-grade  bul- 
lions differences  as  high  as  0.2  oz.  per  ton.  The  measurement 
by  the  ounce  per  ton  has  been  employed  throughout  for  silver 
and  gold,  not  because  this  is  the  commercial  custom,  but  be- 
cause it  is  much  more  convenient  for  comparison  than  the 
extended  decimal  fractions  expressing  percentages.     In  carry- 
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ing  out  the  various  assays  and  analyses,  I  was  assisted  by  K. 
W.  McComas  and  Albert  Ferrell. 

From  Table  I.  it  will  be  seen  that,  on  account  of  the  admix- 
ture of  extraneous  impurities,  already  referred  to,  the  copper- 
content  in  the  fines  is  always  lower  than  in  the  coarse,  while  in 
many  cases  (class  A)  the  fines  show  an  enrichment  in  other 
elements. 

The  examples  of  copper-bullions  in  Table  I.  have  been  divided 
into  two  classes,  A  and  B.  In  general,  it  may  be  remarked 
that  to  class  A  belong  all  those  whose  copper-tenor  is  above  97 
per  cent.,  and  to  class  B  those  whose  copper-tenor  is  below  that 
figure.  In  the  castings  of  class  A,  the  precious  metals  and 
other  elements  are  found  concentrated  towards  the  freezing- 
center  of  the  castings,  while  in  class  B  they  are  found  richer 
towards  the  surfaces.^  None  of  the  elements  in  question,  how- 
ever, show  the  same  degree  of  heterogeneity,  so  that,  in  some 
instances,  the  two  classes  overlap  each  other.  Viewed  as  solu- 
tions, class  A  must  be  considered  as  copper  subsaturated  above 
its  freezing-point  (hypo-eutectic) ;  while  in  class  B  the  copper  is 
saturated  above  its  freezing-point  (hyper-eutectic).  In  class  A 
the  copper  is  the  element  freezing  first ;  in  class  B  the  other 
elements  freeze  first 

Looking  again  at  the  composition  of  the  samples,  fine  and 
coarse,  it  will  be  noted  that  under  class  A  the  fines,  generally, 
are  higher  in  foreign  elements  than  the  coarse ;  and  it  is  con- 
sistent to  conclude  that  the  fines  (exclusive  of  extraneous  matter), 
in  their  greater  portion,  are  derived  from  the  later-freezing 
parts  of  the  bullion  castings.  The  gold  in  the  fines  shows  a 
markedly  greater  solubility  in  nitric  acid  than  the  gold  in  the 
coarse,  which,  as  will  be  seen  later,  is  in  conformity  with 
the  supposition  that  the  fines  are  derived  from  the  last  and 
most  slowly-cooled  portions  of  the  castings.  The  fines  in 
class  B  show  a  smaller  amount  of  impurities  than  the  coarse, 
thereby  also  proving  their  origin  from  the  last-freezing  por- 
tions of  the  bullion.  In  them,  moreover,  the  gold-solubility  is 
much  greater  than  in  the  coarse. 

The  samples  of  bullions,  as  regards  their  metallurgical  origin, 
are  as  follows:  Nos.  1  and  2,  converted  copper,  furnace-re- 
fined ;  Nos.  3,  4,  5,  6,  and  7,  converted  copper,  gas-finished ; 


•"  E.  Keller,  Traru,,  xxvii.,  106  (1897). 
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No.    8,    reverberatory  blister-copper;   Nos.    9    and    10,  blast- 
furnace black  copper. 

My  first  serious  attention  to  the  solubility  of  gold  in  nitric  acid 
was  drawn  by  the  peculiar  facts  connected  with  bullions  Nos. 
1  and  2,  Table  I.     They  were  derived  from  the  same  source 
and  treated  identically  in  the  process  of  refining ;  often  coming 
from  the  same  furnaces,  which  statement  finds  corroboration 
in  the  results  of  the  partial  analyses.     Both  were  quenched 
(pickled)  as  soon  as  solidified.     Two  parallel  series  of  gold- 
assays  were  made  for  many  millions  of  pounds  of  material ;  one 
series  being  by  the  all-fire  method,  the  other  by  the  combina- 
tion-method.    The  results  of  these  two  series  of  assays  were, 
that  for  bullion  No.   1,  the   gold-yield   by  the  combination- 
method  showed  a  deficit  of  18,71  per  cent.,  as  compared  with 
the  all-fire  method,  while  for  No.  2  the  corresponding  figure 
was  26.62  per  cent. — both,  it  may  be  repeated,  under  identical 
conditions  of  assaying.     Since,  as  already  remarked,  all  the 
assays  were  corrected  for  the  so-called  fire-losses,  it  followed 
that  the  results  were  to  be  so  interpreted  that  the  figures  18.71 
per  cent,  and  26.62  per  cent,  denoted  the  solubility-losses  of 
the  gold  in  the  two  respective  bullions — in  one  nearly  twice  as 
great  as  in  the  other.     Although  these  two  bullions  were  the 
same  in  origin,  composition,  and  metallurgical  treatment,  there 
remained  one  evident  difference  in  the  castings,  as  to  size  and 
weight;  No.  1  weighing  about  800  lb.,  and  No.  2  over  500  lb. 
This  fact  implied  a  difterence  in  the  rate  of  cooling,  and  led  at 
once  to  the  conclusion  that   gold  contained  in  slowly-cooled 
copper  is  more  soluble  in  nitric  acid  than  that  in  rapidly-chilled 
copper.     That  the  gold-solubility  was  not  influenced  by  any 
mechanical  differences  in  the  two  samples  is  evidenced  by  the 
fact  that  the  ratios  of  fine  and  coarse  in  both  are  very  nearly 
alike,  while  the  size  of  the  coarse  particles  in  both  samples  is 
the  same,  yet  the  solubility  of  the  gold  in  the  coarse  is  for  No. 
1  only  one-half  of  that  in  No.  2. 

If,  then,  the  conclusion  reached  be  true,  that  the  solubility  in 
nitric  acid  of  the  gold  in  the  same  bullion  or  alloy  is  subject  to 
great  variation  according  to  the  rate  of  cooling,  it  should  be 
possible  to  reduce  this  solubility  to  a  minimum  by  the  instan- 
taneous chilling  of  the  molten  bullion.  Granulation,  or  shot- 
ting, by  running  a  stream  of  the  molten   bullion  into  cold 

[5] 

Digitized  by  VjOOQ IC 


686  THE   SOLUBILITY   IN   NITRIC   ACID    OF   GOLD. 

water,  suggested  itself,  and  advantage  was  taken  of  a  blast- 
furnace charge  of  copper,  for  an  experiment,  to  compare  the 
behavior  of  the  gold  in  a  shot-sample  with  that  in  a  drill- 
sample  from  a  large  and  slowly-cooled  slab.  The  results  of  the 
tests  are  incorporated  in  Table  I.,  bullion  No.  10.  They  de- 
monstrated at  once  the  correctness  of  the  hypothesis ;  none  of 
the  gold  in  the  granules  or  shot  being  soluble,  while  the  abso- 
lute amount  of  gold  from  the  slowly-cooled  slab  dissolved  by 
nitric  acid  was  greater  than  in  any  other  of  the  samples  of 
copper-bullion  or  alloys  that  have  been  tested. 

Thus  far,  the  conclusions  reached  were  based  on  the  analyti- 
cal methods ;  it  now  appeared  desirable  to  proceed  to  the  syn- 
thetical. 

Table  11.  shows  the  solubility  of  the  gold  in  shot  and  drill- 
ings of  a  series  of  alloys,  each  of  which  was  prepared  by  adding 
0.5  per  cent,  of  a  foreign  element  and  an  amount  of  gold 
equaling  approximately  2  oz.  per  ton  to  commercial  electro- 
lytic copper.  The  alloy  was  thoroughly  fused  and  mixed 
under  a  charcoal  cover  in  a  crucible.  About  3,000  g.  of  the 
alloy  was  cast  into  a  heated  mold  to  form  a  small  ingot ;  the 
remainder  being  granulated.  Each  ingot  was  drilled  in  the 
same  manner  for  a  sample,  while  the  granules  could  directly 
be  used  for  analysis.  It  would  be  venturing  too  much  to  claim 
for  the  solubility-figures  in  the  table  that  they  are  the  true 
relative  expressions  of  the  influence  of  each  of  the  given  ele- 
ments on  the  solubility  of  the  gold  contained  in  the  ingots,  for 
there  was,  probably,  a  wide  variation  between  them  in  the  con- 
ditions of  cooling  and  freezing.  In  the  process  of  granulating 
it  is  far  more  likely  that  those  conditions  are  nearly  alike  in 
all  cases,  and  that  here  the  eflects  of  the  alloyed  elements  on 
the  gold-solubility  are  shown  in  their  proper  relative  degrees. 
It  seems  to  be  demonstrated  that  the  quenching  effect  dimin- 
ishes from  the  metallic  towards  the  metalloidal  end  of  the  series, 
reaching  zero  with  selenium. 

The  largest  quantity  of  soluble  gold  thus  far  found  is  0.495 
oz.  per  ton,  or  15.55  per  cent,  of  the  total  gold  in  this  special 
case,  or  0.0017  per  cent,  of  the  total  alloy — which  is  a  very 
small  proportion.  It  became  of  interest,  therefore,  to  deter- 
mine if  this  figure  could  be  materially  enlarged  by  the  increase 
of  either  the  gold-  or  the  impurity-content  of  the  copper-alloy. 
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Table  III.  shows  the  negative  results  on  alloys  with  varying 
tenors  of  gold  and  arsenic.  In  these  cases  small  ingots  were 
cast  in  heated  molds,  which  might  not  preclude  too  rapid  cool- 
ing ;  therefore,  tests  of  the  slowest  possible  cooling  were  insti- 
tuted, one  of  which  is  exemplified  in  Table  IV.,  with  negative 
results.  This  shows  also  how  the  great  gold-solubility  in  the 
fine  portion  of  a  sample  is  reduced  by  remelting  and  granu- 
lation. 

Since  neither  gold-increase  nor  impurity-increase  appeared 
to  augment  the  quantity  of  soluble  gold,  it  became  a  question 
what  influence  pure  copper  would  have  in  the  solubility  of  a 
relatively  small  gold-content.  Table  V.  gives  the  results  of  a 
test  with  the  purest  commercial  electrolytic  copper  to  which 
gold  was  added  by  melting.  It  shows  that  the  gold  is  as  solu- 
ble in  this  as  in  many  of  the  ordinary  bullions ;  but,  since  the 
purest  commercial  electrolytic  copper®  still  contains  as  much, 
or  more,  of  arsenic  and  antimony,  per  cent,  as  there  is  soluble 
gold  in  most  of  the  bullions,  and  absolutely  pure  copper  is  not 
available  in  quantity,  the  effect  of  the  latter  remains  unknown. 

The  tests  on  the  solubility  of  gold  in  nitric  acid  were  also 
extended  to  a  number  of  lead-bullions ;  all  with  results  that 
closely  approached  the  negative.  Table  VI.  gives  those  ob- 
tained from  a  comparatively  large  and  slowly-cooled  casting. 

Reference  has  already  been  made  in  the  beginning  to  the 
bearing  of  this  subject  upon  the  practical  sampling  and  assay- 
ing of  auriferous  copper-bullions.  Ignorance  in  this  field  has, 
in  the  past,  led  to  some  acrimonious  controversies,  the  possi- 
bilities of  which  may  be  understood  most  readily  through  an 
illustration:  A  furnace-charge  of  molten  copper  would  be 
sampled  by  shotting  (properly  done)*;  then  several  samples  by 
drilling  would  be  taken  from  slabs,  varying  from  a  thin  sample 
plate  to  the  largest-sized  commercial  slab.  The  gold-assays  on 
all  the  samples  would  now,  by  one  party,  be  made  by  the  all-fire 
method,  with  concordant  results,  and  with  the  verdict  that  all 
the  methods  of  sampling  are  correct.  A  second  party,  believ- 
ing the  combination-method  reliable,  would,  by  its  use,  find 
concordant  results  between  the  shot-sample  and  the  thin-plate 

•  E.  Keller,  Mineral  Industry,  vol.  viii.  (1899). 

'  On  the  pitfalls  of  sampling  bj  shotting  see :    £.  Keller,  Travis.,  xzvii.,  106 
(1897).     Wm.  Wraith,  Trans.,  x\l,  318  (1911). 
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sample,  while  with  the  other  samples  the  results  would  show 
an  increasing  deficit,  reaching  its  maximum,  perhaps  30  per 
cent,  with  the  sample  from  the  largest  slab.  This  party's  pro- 
nouncement would  be:  shot  and  thin-plate  sampling  correct; 
samples  from  large  casting  absolutely  wrong. 

It  may  be  observed  in  passing  that  the  accuracy  in  the  gold- 
assay  has  been  multiplied  many  times  during  the  past  decade 
through  the  remarkable  improvement  in  the  construction  of 
gold-balances. 

At  the  present  day  there  probably  exist  but  few  contracts  in 
the  copper-world  which  permit  the  employment  of  the  nitric 
acid  combination-method  for  the  assay  of  gold  in  copper-bul- 
lions, although  this  method  may  still  be  pronounced  quite  per- 
missible for  quick  routine-work,  when  properly  modified,  and, 
especially,  when  applied  to  quenched  or  otherwise  rapidly- 
cooled  samples. 

Summary. 

I.  Observed  Facts. — Gold  contained  in  copper-alloys,  or  bul- 
lions, is  soluble  in  nitric  acid  in  varying  degrees ;  the  solubility 
diminishing  with  the  increased  rate  of  cooling  of  the  castings, 
and  reaching  a  minimum  when  the  molten  bullion  is  quenched 
in  cold  water.  In  nearly  all  of  the  quenched  samples  the  gold, 
determined  by  the  combination-method  of  assaying,  still  shows 
a  deficit  as  compared  with  the  amount  found  by  the  all-fire  as- 
say ;  the  maximum  of  this  deficit  being  approximately  2  per  cent. 

The  highest  amount  of  soluble  gold  was  found  to  be  0.0017 
per  cent,  of  the  total  bullion;  no  increase  in  gold-  or  impurity- 
content  was  able  to  augment  that  amount. 

A  definite  relation  between  gold-solubility  and  impurity- 
content  of  the  bullions  has  not  been  established ;  the  former 
being  more  dependent  on  the  rate  of  cooling  than  on  the  qual- 
ity or  quantity  of  impurity.  This  proposition  is  demonstrated 
by  the  fact  that  the  gold-solubility  in  all  samples  is  greatest  in 
the  fine  portions,  which  in  classes  A  and  B  are  the  most  slowly- 
cooled  parts  (this  conclusion  being  deduced  from  their  chemi- 
cal composition).  In  class  A  the  fine  portion  is  more  impure 
than  the  coarse ;  in  class  B  this  relation  is  reversed. 

The  observations  by  Dewey  of  the  solubility  of  pure  gold  in 
boiling  concentrated  nitric  acid,  and  those  of  Van  Liew  for 
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avoiding  the  solution  of  gold  in  copper-bullion  by  dissolving 
the  latter  in  very  dilute  nitric  acid  under  ice-cooling,  are  not 
controverted. 

II.  Hypothetical  Coiiclusiojis. — The  sraallness  of  the  absolute 
amount  of  soluble  gold  contained  in  bullions,  makes  it  doubt- 
ful whether  the  actual  condition  of  this  gold  can,  at  present, 
be  determined  by  any  of  the  known  methods,  chemical  or 
physical. 

From  what  is  known  of  the  action  of  strong  nitric  acid,  or 
other  chemicals,  on  pure  or  uncombined  gold,  it  would  follow 
that  these  would  not  discriminate  between  such  gold  obtained 
in  slowly-cooled  and  in  quenched  bullions.  It  is,  furthermore, 
not  probable  that  nitric  acid,  of  the  dilution  used  in  dissolving 
these  bullions,  and  in  the  presence  of  a  great  excess  of  metallic 
copper,  would  attack  uncombined  gold.  The  difterence  in  the 
properties  of  the  gold  in  slowly-cooled  and  quenched  bullions 
will,  therefore,  rationally  be  sought  in  a  change  of  chemical 
conditions,  or  of  the  chemical  nature  of  the  alloy  itself,  by  the 
heat-treatment.  It  seems  justifiable  to  assume  that  a  portion 
of  the  gold  in  slowly-cooled  bullion  combines  with  some,  or  all, 
of  the  accompanying  elements,  forming  compounds  soluble  in 
nitric  acid;  that  the  reaction  takes  place  through  a  narrow 
range  of  temperature  above  the  freezing-point,  and  that  it  is  a 
slow  one  as  compared  to  the  speed  of  cooling ;  that  at  higher 
temperature  the  gold-compounds  dissociate;  and  that  quench- 
ing of  the  bullions  at  those  temperatures  leaves  the  gold  in  the 
uncombined  state,  and,  therefore,  insoluble  in  the  nitric  acid 
used  to  dissolve  the  bullion.  Since  neither  gold-  nor  impurity- 
increase  augments  the  amount  of  soluble  gold  beyond  a  low 
maximum,  it  would  appear  that  the  soluble  gold-compounds 
are  formed  only  in  very  dilute  solutions,  or  under  low  osmotic 
pressure. 

The  fact  that  with  the  seleniferous  alloy  quenching  has  no 
reducing  eftect  on  the  gold-solubility,  may  be  explained  by  the 
supposition  that  probably  the  gold-selenium  compound  forms 
at  higher  temperatures  than  tbe  others,  or  that  it  has  not  dis- 
sociated at  the  temperatures  obtaining  in  the  furnace  or  cruci- 
ble at  which  quenching  is  performed. 

The  2  per  cent,  or  less  of  gold-deficit,  as  found  by  the 
combination-assay  in  quenched  bullions,  may  be  due  to  a  re- 
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sidual  soluble  gold-compound,  formed  on  account  of  the  im- 
possibility of  instantaneous  chilling  by  quenching.  Should 
this  explanation  be  unacceptable,  then  it  could  be  conceded 
that  this  loss  is  due  to  all  other  causes  that  have  been  sug- 
gested for  the  loss  of  uncombined  gold. 

Phenomena  of  similar  nature  to  those  suggested  in  the  fore- 
going have  been  well  established  by  scientific  investigation. 
C.  T.  Heycock  and  F.  H.  Neville  ^^  have  demonstrated  that  gold 
in  metallic  solution  forms  chemical  compounds  with  metals,  as 
for  instance,  tin  as  a  solvent,  gold,  and  cadmium  combine  in  the 
alloy  to  form  in  succession  the  following  compounds:  Au^Cd^, 
AugCdj,  AujCd^.  One  of  the  instances  best  known  to  metal- 
lurgists of  a  chemical  compound  being  formed  at  a  certain 
temperature  and  being  dissociated  at  higher  ones,  is  the  case  of 
iron  carbide  (cementite)  in  steel.  The  carbide  is  formed  when 
steel  is  slowly  cooled,  and  its  formation  is  prevented  when  the 
steel  is  quenched  above  the  dissociation-temperature ;  chemical 
conditions  are  here  changed  by  heat-treatment.  In  other  re- 
spects there  is  much  dissimilarity  between  the  carbide  in  steel 
and  the  hypothetical  gold-compounds  in  copper-bullion.  The 
carbide  is  formed  well  below  the  freezing-point  of  the  steel ;  it 
is  not  attacked  by  dilute  sulphuric  and  hydrochloric  acids, 
while  in  quenched  steel  the  dissociation-products  readily  com- 
bine; the  iron  to  form  a  salt,  the  carbon  a  hydride.  In  the 
quenching  process  the  heat  of  combination  and  crystallization 
remained  latent  and  this  becomes  instrumental  in  forming  the 
compound  with  the  acids.  An  equally  well-known  case  in 
which,  by  heat-treatment,  a  physical  change  only  is  wrought, 
is  that  of  the  quenched  blast>furnace  slags.  When  these  are 
permitted  to  cool  slowly  they  attain  the  crystalline  state  and 
become  insoluble  in  acids,  while  when  the  molten  slags  are  run 
into  cold  water  they  remain  amorphous;  the  heat  of  crystalliza- 
tion remains  latent,  and  they  are  readily  attacked  by  the  acids* 

»"  Journal  of  the  Chemical  Society  (London),  voL  lix.,  p.  936  (1891). 
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Table  I. — Copper-Bullions:   Character;  Weight  of  Castings; 
Partial  Analyses  ;  Gold-Solubility  in  Nitric  Acid. 


1 

Ratio. 

Fine 
Coarse. 

i 

I 

1 
Ag. 

Gold. 

>^ 

1 

Remarks.         Samples. 

Cu.    1    Sb. 

As. 

Assaj" 

Method. 

Differ- 
ence. 

ii 

1 

1 

1 

Fire. 

Comb. 

1 

Per        Per        Per 
Cent.     Cent.    Cent. 

Oz.  Per  Oz.  Per  Oz.  Per  Oz.  Perl   Per 
Ton.  1  Ton.  |  Ton.      Ton.  i  Cent. 

1                 1 

No.l.  Convener:  Fine 

Refined;   300  lb.  Coarse 

1  Average.. 

1 
20.07 

98.642    0.0349    0.0392 
99.307    0.0254    0.0395 
99.276    0.0259    0.0395 

81.01 
81.22 
81.21 

0.415 
0.421 
0.4207 

0.218 
0.870 
0.:{6S 

0.197 
0.O51 
0.0577 

47.47 
12.11 
13.71 

No.  2.  Converter;, Fine 

Refined ;  500  lb.  Coarse 

Average.. 

1 
17.11 

9«.654'   0.0359    0.0489 
99.346  j   0.0261     0.0474 
99.308    0.0-'66    0.0175 

80.45 
80.13 
80.14 

0.415 
0.401 
0.402 

0.202 
0.300 
0.295 

0.213      51.32 
0.101      25.19 
0 107      26.62 

No. 3.  Converter;  Fine 

Gasfinish;  2251b.  Coarse .... 
Average.. 

1 
14.26 

98.130;    0.05311   0.0542 
99.342    0.0483    0.0434 
99.263,   0.0486    0.0441 

45.30 
41.90 
42.14 

0.292 
0278 
0.279 

0.124 
0.246 
0.238 

0.168 
O032 
0.041 

57.63 
11.51 
14.70 

-< 

No. 4.  Converter;' Fine 

Gasfinish;  230  lb.  Coarse 

Average.. 

1 
23.52 

93.139,   0.0610    0.0743 
9H.860    0.0448    0.0219 
98.627!   0.0455    0.0240 

95.13 

87.52 
87.83 

0618 
0.678 
0.676 

0.379 
0.633 
0.623 

0.239 
0.045 
0.053 

38.67 
6.64 
7.84 

No.  5.  Convener;  Fine 

Gasfinish;  2051b.  Coarse 

Average.. 

1 
850 

95.756'   0.0289 
98.896    0.0305 
98.566|   0.0303 

0.0338 
0.0220 
0.0232 

64.67 
63.26 
63.41 

0.0707 
0.0707 
0.0707 

0  0240 
0.0420 
0.0401 

0.0467 
0.0287 
0.0306 

66.05 
40.69 
43.28 

No.  6.  Converter ;  Fine 

Gas  finisb;  2301b.  Coarse 

lAverge ... 

1 
10.25 

96.046'   0.0079 
98.858'   0.0111 
98.608j   0.0108 

0.0077 
0.0036 
0.0040 

69.32 
66.89 
67.11 

2.264 
2.274 
2.278 

1.578 
2  178 
2.125 

0.686 
0.096 
0.148 

30.90 
4.22 
6.51 

No.  7.  Converter ;  Fine 

Gasfinish;  4001b.  Coarse 

Average.. 

No.  8.  Reverberat.  Fine 

Blister fCoarse 

L                                Average. 

1 
"  3.149 

98.350 
98.742 

0.2120 
0.2069 
0.2081 

88.71 
83  39 
.84.67 

22.821  1  22.7798 
22.120SI  22.161.5 
22.2897.  ■22.3105 

Wlthl 
limits 

n  the 

of 

98.648 

error. 

1 
11.60 

96.432 
99.120 
98.y05 

0.0186 
0.0138 
0.0142 

0.0071 
0.0076 
0.0070 

60.73 
55.32 
55.75 

3.992 

4.275 
4.252 

3.315 
4.047 
3.988 

0.677 
0.228 
0.264 

16.96 
5,38 
6.21 

'  No.  9.    Blast-fur-  Fine 

naee;  Black Coarse 

Average.. 

1 
9.89 

95.107    0.0379    0.0776 
97.407    0.0568    0.1225 
97.196^   0.0651 1  0.1184 

11.04 

11.07 

11.067 

0.403 
0.385 
0.387 

0174 
0.347 

0.229 
0.021 
0.040 

56.82 
5.45 
10.34 

No.  10.   Blast-fur-  Fine 

nace :  single  slab;Coarse 

l.b  in.  from  edge  Average.. 

"  2.84~^ 

89.757 
89.980 
89.922 

l.aiS      0.981 
0.932      1 0O5 
1.043      0.999 

176.10 
177.80 
177.36 

3.105 
3.170 
3.153 

2,827 
2.797 
2.675 

0.778 
0..373 
0.478 

25.06 
11.77 
15.16 

eu 

Same ;  3  in.  from  Fine 

edge coarse.  .. 

[Average.. 

1 
3.81 

89.572 
90.096 
89.989 

1.279      0.958 
0.829      0.971 
0.937      0.968 

174.70 
17.5.90 
175.44 

8.120 
3.180 
3.167 

2.579 
2.999 
2.912 

0.541 
0.181 
0.255 

17.34 
5.69 
8.06 

Same;  4.5  in.  from 'Fine 

edge ICoarse 

Average.. 
Fame  ;    shot,    or 

granules 

1 
6.45 

89.266 
90.108 
89.984 

1.074  ,   0.929 
0.742      1.048 
0.787      1.032 

17fiJ0 
17.i.70 
175.75 

3.110 
8.195 
3.184 

3.000 

2.2.39 
2.759 
2.689 

3.039 

0.871 

0.436 

0.495 

Withl 

limits 

28.01 
13.65 
15.55 
nthe 
of 

^rror. 

Note. — ^The  amount  of  copper  taken  in  the  analysiB  for  antimony  and  arsenic 
was  from  10  to  25  g.,  depending  on  the  grade  of  the  metal 
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Table  II. — Alloys  of  Copper ^  Granulated^  and  Cast  into  Bars ; 
Showing  Various  Nitric  Add  Solubilities  of  Gold. 


Granules  (Shot] 

. 

Bar-Drill  InRB. 

Gold. 

Gold. 

Element 
Alloyed. 

Differ- 
ence. 

Gold- 
Solu- 
bility. 

Differ- 
ence. 

Assay-J 

Method. 

Assay-Method. 

Gold- 
solu- 
bility. 

0.5 

1 

Per  Cent. 

Fire.       \    Comb. 

1  _ 

Ounce 
Per 
Ton. 

Per 
Cent. 

'      Fire. 

1    Ounces 

Per 
!     Ton. 

Comb. 

Ounces 
Per 

Ton. 

Ounces 
Per 
Ton. 

Ounces 
Per 
Ton. 

Ounce 
Per 
Ton. 

Per 
Cent. 

Pb 

1.934 

1.8935 

0.0355 

1.84 

j    1.954 

1.6965 

0.2575 

13.18 

Bi 

1.927 

1.890 

0.037 

1.92 

;    1.933 

1 

1.789 

0.144 

7.45 

Sb 

1.900 

1.832 

0.068 

3.58 

\   1.890 

1.676 

0.214 

11.32 

As 

1.891 

1.826 

0.068 

3.06 

1.874 

1.592 

0.282 

15.05 

Te 

1.923 

1.848 

0.075 

3.90 

1.910 

1.748 

0.162 

8.48 

Se 

1.935 

1.856 

0.079 

4.08 

1.935 

1.860 

0.075 

3.88 

Table  III. — Solubility  in  Nitric  Acid  of  Gold  in  Miscellaneous 
Copper-Arsenic  Alloys, 


Drillings  From  S.OOOg.  Bars. 


Assay-Method  ;  Gold. 

Arsenic. 

Fire. 

Comb. 

Difference. 

Gold-Solubility. 

Per  Cent. 

Ounces  Per  Ton. 

Ounces  Per  Ton. 

Ounce  Per  Ton. 

Per  Cent 

1.680 

21.381 

21.245 

0.136 

0.636 

1.110 

2.018 

1.965 

0.063 

2.626 

0.767 

11.081 

10.827 

0.254 

0.290 

0.511 

7.9497 

7.874        • 

0.0957 

1.204 

0.369 

6.214 

6.140 

0.074 

1.191 

0.225 

3.112 

8.014 

0.098 

3.149 

0.117 

1.576 

1.524 

0.052 

3.300 
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Table  1Y.— Copper  (62  lb.)  Melted  in  Crucible,  Gold  and  Arsenic 
Added,  and  Left  to  Cool  Therein  in  the  Furnace. 


Poiltion  of 
Copper  in 
Crucible. 


Sample. 


Top  third....  Fine 

'  Coarse  

I  Average.... 

Center  third;  Fine. 

!  CoarBe 

,  Average.  .. 

Bottom  third  Fine 

I  Coarse. 

-  Average.... 


Ratio.       Arsenic. 

I 


6.037 

1 
"6.835" 

1 
5.574 


Top,  center, 
and  bottom 


Fines  com- 
bined, melt- 
ed and  shot- 
ted  


Per  Cent. 
1.423 
1.165 
1.201 

L013 
0.864 
0.883 

0.959 
0.896 
0.904 


Gold. 


Assay-Method. 
Fire.         Comb. 


Ounces 
Per  Ton. 
7.521 
7.226 
7.2679 

6.622 
6.432 
6.4434 

6.422 
6.262 
6.2863 


6.722 


Ounces 
Per  Ton. 
6.270 
7.116 
6.9957 

5.955 
6.370 
6.3170 

6.040 
6.193 
6.1697 


6.670 


Differ- 
ence. 


Gold- 
bolubillty 


Ounces 
Per  Ton. 
1.251 
0.110 
0.2722 


Per  Cent. 
I  16.633 
,    1.522 
I    3.745 


0.567    I    8.694 


0.062 
0.1264 

0.3S2 
0.069 
0.1166 


0.152 


0.964 
1.962 

5.948 
1.102 
1.856 


2.261 


Table  V. — Electrolytic  Copper  (62  lb.).  Melted  in  Crucible,  Gold 
Added,  and  Left  to  Cool  Therein  and  in  Furnace. 


Position  of 
Copper  in 
Crucible. 


Top 

Center 

Bottom 

Combined,  and 
separated  into 
fine  and  coarse 


Ratio. 

Gold. 

Sample. 

Assay-Method. 

Differ- 
ence. 

Fire. 

Ounces 

Per 

Ton. 

L929 
1.932 
1.8i9 

1.852 
1.894 

1.887 

Comb. 

Ounces 
Per 
Ton. 

1.838 
1.804 
1.766 

1.314 

1.8:H 
1.758 

J 

Ounce 
Per 
Ton. 

0.091 

Center ^ 

0.128 

Bottom 

0.123 

Fine 

1 

0.608 

nnnr^fk 

(►.060 
0.129 

Average 

5.460 

Gold- 
Solubility. 


'  Per  Cent. 

4.717 
6.625 
6.546 

27.760 
3.168 
6.836 
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Tablb  Yl.—Lead  (99.15  Per  Cent.)  Melted,  Gold  Added,  Cast 

into  9-  by  9-  by  9-Jn.  Cube  and  Left  to  Solidify  and  Cool 

in  a  Hot  Brick  Mold. 


Portion 

of 

Cube. 


Gold. 


Assay-Method. 


Fire. 


Ounces  Per 
I  Ton. 


Top 

Center... 
Bottom . 


1.739 
1.777 
1.715 


Comb. 

Ounces  Per 
Ton. 

1.707 
1.749 
1.699 


Difference. 

Ounce  Per 
Ton. 

0.032 
0.028 
O.OIG 


Gold- 
Solubility. 


Per  Cent 
!        1.840 
I        1.576 
I        0.933 
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fTRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


The  Bearing  of  the  Theories  of  the  Origin  of  Magnetic  Iron- 
Ores  on  Their  Possible  Extent. 

BY  PRANK  L.    NA80N,  WEST  HAVEN,   CONN. 

(New  York  Meeting,  February,  1912.) 

In  the  year  1904  an  eminent  Swedish  geologist  prepared  a 
report  on  the  iron-ore  reserves  of  the  world.  His  estimates 
follow : 

Countries.  Tons. 

United  States, 1,100,000,000 

Great  Britain, 1,000,000,000 

Gennanj, 2,200,000,000 

Spain, 600,000,000 

Bussia  and  Finland 1,500,000,000 

France, 1,500,000,000 

Sweden, 1,000,000,000 

Austria-Hungary, 1,000,000,000 

Other  countries, 1,200,000,000 

Total, 10,000,000,000 

The  iron-ore  allotted  to  the  United  States  by  the  Swedish 
geologist  is  barely  sufficient  to  last  20  years  at  the  present  rate 
of  consumption. 

On  the  other  hand  (according  to  Edwin  C.  Eckel/  from 
whom  the  above  and  following  statistics  are  quoted),  there  is 
hardly  need  for  worry  on  the  part  of  our  iron  industries  for  the 
next  two  centuries  or  more. 

Upon  the  basi^  of  careful  work  by  the  U.  S.  Geological  Sur- 
vey, in  which  Mr.  Eckel  has  taken  an  important  part,  the  fol- 
lowing estimates  are  definitely,  but  by  no  means  finally,  given 
for  the  United  States  : 

District.  Tons. 


Lake  Superior  District,  . 

Alabama,  i  je^  hematite       . 

'  I  brown  hematite, 

n^.^'.  /  ^^^  hematite, 

ueorgia,  ^  ^^^  hematite, 

Tpnn«aie«.  /  ^^  hematite.     . 

lennessee,  |  y^^^^  hematite, 

Vinnnia,  /red  hematite,      . 

^     ^  \  brown  hematite. 


1,500,000,000  to  2,000,000,000 
1,000,000,000 

725,000,000 

200,000,000 

125,000,000 

6^H),000,000 

225,000,000 
50,000,000 

300,000,000 

Totol 4,725,000,000  to  5,225,000,000 


^  Mineral  Retourees  of  the  United  States,  pp.  67  to  102  (1906). 
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These  figures  deal  almost  exclusively  with  red  and  brown 

hematites,  which,  as  Mr.  Eckel  justly  remarks,  can  be  estimated 

with  a  possible  error  of  from  5  to  10  per  cent.     Except  in  the 

Michigan  and  Wisconsin  fields,  magnetites  do  not  enter  at  all 

into  Mr.  Eckel's  estimate.     Moreover,  it  is  confined  to  known 

mines  and  districts,  usually  well  exploited,  and  does  not  cover 

the  possibilities  of  new  fields  in  the  States  named,  or  of  similar 

fields  in  other  States.     Mr.  Eckel  says : 

*'  If  to  this  we  add  the  ores  occurring  in  the  deeper  levels  in  the  States  named, 
and  also  the  red  and  brown  ores  of  Maryland,  West  Virginia,  and  Kentucky,  and 
the  magnetic  ores  of  the  other  Southern  States,  it  is  probably  fair  to  assume  that 
the  total  Southern  ore  reserve  will  amount  to  very  nearly  10,000,000,000  tons,  or 
five  times  that  credited  to  the  Lake  Superior  district.*' 

On  page  78  Mr.  Eckel  remarks: 

**  The  amount  of  Clinton  ore  in  any  area  can  probably  be  determined  by  a  geol- 
ogist within  5  or  10  per  cent,  and  estimates  of  red  ore  reserves  can,  therefore,  be 
made  by  competent  men  with  a  degree  of  accuracy  impossible  in  dealing  with 
magnetites,  hematites,  or  brown  pres  of  other  districts.*' 

To  make  a  final  quotation  from  Mr.  Eckel's  sane  and  com- 
forting paper : 

"  It  is  probable  that  careful  exploratory  work  will  develop  magnetic  iron-ores 
in  New  York,  New  Jersey,  and  Pennsylvania  in  quantities  far  in  excess  of  any- 
thing usually  considered  possible  in  these  States.'' 

In  my  opinion  Mr.  Eckel  could  have  included  in  his  list  not 
only  most  of  the  New  England  States,  bat  the  Appalachian 
States  as  well. 

From  the  above  citations,  we  may  rest  assured  that  an  iron- 
ore  famine  does  not  immediately  threaten  the  United  States. 
The  accuracy  with  which  tonnage-reserves  of  the  Clinton  iron- 
ores  can  be  estimated  will  hardly  be  disputed  by  any  geologist. 
To  show  that  deposits  of  magnetic  iron-ores,  whatever  their 
origin,  can  be  almost  as  accurately  estimated,  and  that,  with  these 
ores  added,  Mr.  Eckel's  figures  of  possibly  ten  to  twenty  billion 
tons  can  probably  be  doubled,  is  the  main  object  of  this  paper. 

The  theories  as  to  the  origin  of  magnetic  iron-ores  may  be 
grouped  as  follows : 

I.  Primary  or  Cotbmporanbous  (i.  e.,. sedimentary  origin). 

II.  Secondary  (practically  vein-formation). 

III.  Igneous  (t.  e.,  segregation  from  molten  magma). 

Evidently,  this  classification  is  not  perfect,  in  the  sense  that 

the  three  theories  are  mutually  exclusive;  but  it  will  serve  my 

purpose. 
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Given,  or  assuming,  that  the  origin  of  magnetic  iron-ores  be 
ascribed  to  either  of  the  above  divisions,  what  bearing  will  the 
assumption  have :  (1)  on  the  areal  extent  of  any  given  occur- 
rence ;  (2)  on  the  ability  of  a  competent  geologist  to  estimate 
the  probable  volume  of  magnetic  iron-ores  ? 

In  short,  whether  the  magnetic  iron-ores  originated  as  sedi- 
ments, as  secondary,  or  as  igneous  deposits,  are  there  any  fixed 
relations  between  ore  and  country,  or  any  characteristics  of  the 
ore-bodies,  per  se,  which  will  enable  a  geologist  to  limit  the  ex- 
tent of  a  given  magnetic  iron-ore  field  with  the  close  accuracy 
possible  with  the  Clinton  ores  ? 

This  is  the  burden  of  the  analysis  which  follows. 

I.  Primary  or  Cotbmporanbous  Origin  of  Magnetic  Iron- 
Ores. 

This  theory  means  that  the  magnetic  iron-ores  are  a  sedi- 
mentary rock-formation  occurring  in  an  uninterrupted  chrono- 
logical sequence.  If  it  be  accepted,  what  bearing  does  it  have 
on  the  extent  of  the  magnetic  iron-ores?  Does  its  careful 
study  afford  a  means  of  predicting,  within  economic  limits,  the 
extent  of  these  ores  ? 

The  sedimentary  theory  affirms  that  the  rocks  inclosing  the 
ores  were  first  a  series  of  sediments:  limestones,  pure  to  highly 
impure ;  interstratified  sands,  fine  to  coarse-grained,  calcareous 
or  argillaceous ;  clays,  calcareous  and  arenaceous,  etc. 

In  this  series  may  be  interpolated  one  or  more  beds  of  nearly- 
pure  iron-ore,  either  chemical  or  mechanical  in  origin,  and  one 
or  more  beds  of  impure  to  very  impure  iron-ore,  of  like  origin. 
A  railroad-cutting  through  earth  layers,  a  section  of  a  clay- 
bank  and  its  overburden,  or  a  rock-cutting  or  natural  rock-sec- 
tion may  show  the  sequence  of  deposition,  and  also  how  any 
given  stratum  thins  and  thickens,  or  changes  along  its  strike 
from  pure  to  impure,  or  even  from  slate  to  limestone  or  from 
limestone  to  sand  or  slate.  Such  a  change  from  pure  to  im- 
pure ore,  and  vice  versa^  can  be  easily  imagined,  and  is  actually 
observed  in  Red  Mountain,  Birmingham,  Ala. 

Upon  the  deposition  of  a  ferruginous  series  of  rocks,  may, 
and  probably  will,  follow  a  series  of  rocks  so  free  from  iron  as 
to  be  classed  as  non-ferruginous.  We  thus  have  foot-  and  hang- 
ing-wall rocks  developed,  as  known  to  the  miner.     Between 
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these  walls  will  be  the  "  rich  "  or  **  lean  "  ore,  and  rock  which 
contains  so  little  iron  as  not  to  be  classed  as  ore  at  all. 

Recurring  to  the  actual  formative  period,  it  is  important  to 
note  that  the  variation  in  the  iron-content  of  the  iron-ore  series 
must  be  referred  to  the  shore-line  of  the  sea.  The  iron-series 
may  be  forming  for  miles  along  the  shore.  This  will  give  one 
dimension  of  the  iron-ore  series,  the  length  on  strike;  the 
second  dimension,  width,  i.  g.,  distance  sea-ward,  will  be  de- 
termined by  the  period  of  time  during  which  either  subsidence 
has  taken  place,  or  the  sea  has  eaten  inland  from  the  first 
shore-line. 

To  anticipate,  somewhat, our  conclusions :  judging  both  by  the 
iron-bearing  gneisses  and  the  magnetites  themselves,  the  shore- 
line of  the  Archaean  sea  reached,  on  our  Atlantic  seaboard, 
from  Ungava  bay  to  the  State  of  Alabama,  a  distance  of  over 
2,400  miles.  In  New  Jersey,  these  gneisses  outcrop  across 
their  strike,  a  distance  of  18  miles ;  and  workable  deposits  of 
magnetic  iron-ore  occur  not  only  on  the  extreme  margins,  but 
at  many  points  between.  On  the  sedimentary  theory,  the  ex- 
posed rocks  of  the  iron-bearing  period  exist  inland  at  least 
18  miles,  with  no  diminution  of  iron  except  in  variable 
amounts.  Farther  in  New  Jersey,  to  cite  a  single  example  out 
of  many  possible  ones,  there  is  a  succession  of  superimposed 
strata,  covering  over  1,000  ft.  of  thickness  at  right-angles  to 
bedding-planes.  This  instance  can  be  supplemented  and  forti- 
fied by  well-known  occurrences  of  magnetic  iron-ores,  and 
their  peculiar  accompanying  "  gray  gneisses,"  in  SE.  New 
York,  in  the  Adirondack  region,  and  in  southern  Canada  from 
Port  Arthur  to  the  St.  Lawrence  river,  in  eastern  Ontario. 

On  the  assumption  of  sedimentary  origin,  we  have,  then, 
ocular  proof  in  New  Jersey  that  the  geological  period  of  the 
formation  of  magnetic  iron-ores  covered  from  West  Point,  on 
the  Hudson  river,  to  the  Delaware,  a  shore-line  84  miles  long, 
and  that  this  shore-line  advanced  inward  18  miles. 

Further,  making  no  assumptions  based  on  the  entire  thick- 
ness of  the  magnetite-bearing  gneisses,  we  know,  from  actual 
superimposed  beds  of  magnetic  iron-ore,  that  one  ore-series 
is  more  than  1,000  ft.  thick;  that  in  this  series  are  five 
workable  deposits  of  ore;  and  that  these  deposits  average 
more  than  10  ft.  in  thickness  from  foot-  to  hanging-wall. 
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From  the  "  primary,"  "  cotemporaneous,"  or  "  aedimentary  " 
origin  of  magnetic  iron-ores,  as  here  stated,  it  follows  as  a 
corollary  that  the  iron-ores  are  conformable,  that  is,  more  or 
less  parallel  to  their  inclosing  rocks,  and  that  probably  the 
iron-ore  stratum  will  be  more  or  less  co-extensive  with  the  in- 
closing rocks,  after  the  manner  of  coal-seams  or  beds. 

Variation  in  Sedimentation. 

Sedimentation,  or  cotemporaneous  deposition  of  iron-bearing 
strata,  may  be  effected  by  mechanical  or  chemical  processes,  or 
both  together.  One  part  of  a  given  stratum  may  be  wholly 
clastic  in  origin ;  another  part  may  be  wholly  chemical ;  or  any 
given  part,  or  the  entire  stratum,  may  combine  the  two  factors 
in  varying  proportions.  Which  of  the  two  has  been  the 
dominant  one,  has  an  important  bearing  on  the  possibility  of 
estimating  the  extent  of  the  magnetic  iron-ores. 

1.  Mechanical^  or  Clastic^  Origin, — This  requires  three  condi- 
tions: (1)  an  open  sea-front;  (2)  granitic,  gneissic,  or  eruptive 
rocky  shores,  either  disintegrated  or  solid  or  both;  and  (3) 
iron-ore  in  the  rocky  shore-line — and  this  iron-ore  must  be  in 
solid  grains  or  masses,  as  magnetite,  hematite,  or  limonite. 

An  open  sea  is  an  indispensable  assumption :  otherwise  there 
would  be  no  waves  to  "  pan  "  the  lighter  sand,  etc.,  leaving  the 
heavier  iron-ore  in  windrows  on  the  beach.  A  shore  of 
granites,  gneisses,  or  eruptives  must  be  assumed,  since  lime- 
stones, clay-slates,  sandstones,  etc.,  rarely  carry  grains  of  iron- 
ore  in  appreciable  quantities. 

The  iron  must  exist  in  these  rocks  in  the  form  of  magnetite^ 
hematite,  or  limonite,  in  grains  or  masses,  otherwise  there  could 
be  no  mechanical  concentration  or  panning.  The  extent  of 
the  deposit  of  clastic  iron-ore  would  depend  directly  on  the 
percentage  of  iron  in  grains  and  masses  in  the  shore-line. 

It  is  a  well-known  fact  that  grains  of  magnetite  and  hema- 
tite are  not  easily  dissolved  by  natural  agencies.  The  occur- 
rence of  magnetite  in  sea-  and  lake-sands;  in  mountain  streams 
and  on  inland  plains ;  the  occurrence  of  grains  and  crystals  of 
magnetite,  still  highly  magnetic,  in  the  rotted  gneisses  and 
granites  of  the  non-glaciated  regions,  etc. — ^give  sufficient  evi- 
dence in  this  line,  and  lend  great  plausibility  to  the  theory  of 
the  clastic  origin  of  magnetites. 
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2.  ChemicO'Sedimentary  Origin, — For  this  process,  we  must 
assume  conditions  the  very  reverse  of  those  assumed  for  the 
clastic  phase.  Instead  of  an  open  sea,  it  requires  closed 
lagoons,  low,  generally  or  periodically  flooded  marshes  or  great 
inland  lakes  or  seas ;  since  chalybeate  waters,  however  heavily 
burdened,  pouring  into  an  open  sea  would  be  so  widely  dis- 
sipated that  no  economic  ore-body  would  be  formed. 

Iron  is  one  of  the  most  widely  and  abundantly  distributed  of 
the  elements.  According  to  Dr.  Clarke,  metallic  iron  consti- 
tutes 4.49  per  cent,  of  the  earth's  crust.  Therefore,  under 
normal  conditions  in  waveless,  inclosed  or  sheltered  waters, 
soluble  iron  would  be  leached  to  the  extent  of  4.49  per  cent, 
of  the  rock-mass,  of  whatever  nature,  and  precipitated  more  or 
less  evenly  and  regularly  over  the  entire  bottom  of  the  lagoon. 
While  the  "average  per  cent."  of  Dr.  Clarke  includes  the 
entire  rock-crust  of  the  earth,  it  is  evident  that  a  large  part  of 
that  crust  is  iron-free.  This  rather  militates  in  favor  of  our 
assumption.  Since  the  basis  of  our  discussion  is  an  actual  ore- 
deposit,  if  the  deposit  be  ascribed  to  chemical  solution  and 
precipitation,  the  decomposing  rocks  feeding  the  deposit  must 
have  had  at  least  the  4.49  per  cent,  average  of  Dr.  Clarke. 

The  granites  and  gneisses  would  contribute  only  their  soluble 
iron  in  biotites,  hornblendes,  etc.  The  shores  being  tideless 
and  waveless,  magnetite,  hematite,  garnet,  and  silica  would  re- 
main in  situ;  iron,  lime,  magnesia,  and  alkalies  would  be  leached 
out  and  carried  into  lagoons,  there  to  be  precipitated  or  in  part 
to  remain  in  solution.  It  is,  however,  possible  to  imagine  that 
the  readily-soluble  minerals  of  gneiss,  granite,  or  eruptives, 
and,  to  a  greater  or  less  extent,  alumina,  might  be  wholly 
eliminated.  There  would  thus  be  left  the  insoluble  magnetite 
and  hematite,  in  grains  or  even  in  large  masses,  to  form  "  resid- 
ual" beds;  and  these  would  be  supplementary  to  the  deposits 
strictly  chemical  in  origin.  It  is  hardly  necessary  to  state  in 
detail  how  chemical  and  mechanical  force  could  each  play  a 
part  in  the  same  stratum. 

Economic  Bearing  of  the  Sedimentary  Theory. 
The  Clinton  iron-ores  are  regarded  as  cotemporaneous  sedi- 
ments, and  likewise  as  chemical  precipitates.     Experience  has 
taught  that  these  ores  are  nearly  coextensive  with  the  contain- 
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ing  rocks.  For  these  reasons,  in  a  given  locality,  a  competent 
observer  can  estimate  the  tonnage  within  an  error  of  from  5  to 
10  per  cent.  If,  therefore,  the  chemico-sedimentary  origin  of 
magnetic  iron-ores  can  be  proved,  or  even  shown  to  be  rea- 
sonable, there  is  no  reason  why  a  careful  study  of  magnetic 
iron-ore  fields  should  not  permit  an  equally  accurate  estimate. 

Without  going  into  detail,  we  must  confess  that,  if  the  mag- 
netites are  of  wholly  clastic  origin,  the  above  margin  of  from  5 
to  10  per  cent-  is  too  small  to  be  safe.  For  a  combination  of 
the  two  origins,  chemical  and  clastic,  the  chances  for  accuracy 
in  a  given  district  are  about  equal  with  those  attending  the 
Clinton  ores.  In  both  cases,  the  fundamental  principle  is 
simple. 

The  magnetic  iron-ores  are  a  rock-stratum;  this  stratum 
outcrops  in  rocks  of  its  own  age,  and  these  rocks  cover  thou- 
sands of  square  miles;  there  is  thus  no  known  or  imaginable 
reason  why  one  should  limit  the  extent  of  a  magnetic  iron-ore 
to  a  few  feet  in  length  and  a  few  feet  in  depth. 

Statistics, — Whether  or  not  the  true  reason  for  the  common 
skepticism  as  to  our  magnetic  iron-ore  reserves  is  indicated  by 
the  following  figures,  they  are  suggestive  : 

As  late  as  1880,  the  Appalachian  region  produced  5,667,348 
tons  of  iron-ore,  or  67  per  cent,  of  the  total  of  8,487,250  tons. 
Of  this  total,  30.02  per  cent,  was  magnetite.  In  1910,  the  total 
iron-ore  production  of  the  United  States  was  about  53,000,000 
tons,  of  which  about  5  per  cent,  was  magnetite. 

In  1880,  magnetic  iron-ores  were  chiefly  mined  in  New 
York  and  New  Jersey.  The  ore-shoots  then  economically 
workable  were  small,  because  all  ores  carrying  less  than  50 
per  cent,  of  iron  were  unmarketable.  The  total  product  of 
each  mine  was  small,  and  the  cost  high;  consequently,  mining 
to  great  depths  was  economically  impracticable ;  and  a  "  pinch  " 
usually  caused  a  shut-down.  Exploration  was  limited  to  rich 
shoots  and  moderate  depths. 

Four  years  later  the  great  high-grade  deposits  of  Minne- 
sota began  their  shipments. 

These  facts  may  explain  why  outcrops  of  magnetic  iron-ore 
are  supposed,  generally,  to  cover  no  more  than  6,000  sq.  ft.,  i.  €., 
600  by  10  ft.,  and  to  become  exhausted  at  less  than  1,000  ft.  in 
depth  on  an  average.     Drop  the  required  iron-content  of  an 
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ore  from  55  to  35  per  cent. ;  and,  to  my  personal  knowledge, 
there  ate  magnetic  iron-ore  outcrops  from  1  to  7  miles  long.  In 
actual  thickness  of  the  bed,  these  bodies  vary  from  2  to  over 
100  ft.  In  extension  on  the  dip,  they  have  been  proved  less 
than  1,000  ft.  on  an  average,  but  in  one  instance  over  3,000  ft., 
and  the  boundary  not  there  demonstrated.  By  the  sedimentary 
theory,  then,  the  magnetic  ores,  as  well  as  the  Clinton,  should 
be  given  an  inclined  depth  proportionate  to  the  length  of  out- 
crops. 

n.  Secondary  Origin  of  Magnetic  Iron-Orbs. 

On  this  hypothesis  (whatever  the  nature  of  the  inclosing 
rocks,  igneous  eruptives,  metamorphosed  sediments,  or  meta- 
morphosed sediments  into  which  sheets  of  molten  eruptives 
have  been  thrust  or  over  whose  surfaces  molten  eruptives  have 
been  poured,  or  both),  the  magnetic  iron-ores  were  deposited 
after  the  rocks  were  formed,  and  can  only  have  been  so  de- 
posited by  chemical  action,  that  is,  the  solution  and  deposition 
of  the  iron,  by  and  from  circulating  waters. 

Such  waters  may  have  been  derived  from  either  or  both  of 
two  sources.  The  first  is  known  ^  "  magmatic  "  water  in 
eruptives,  or  as  "rock-water"  and  "water  of  crystallization" 
in  the  case  of  sedimentary  rocks.  The  second  is  "  meteoric  " 
water,  entering  from  the  earth's  surface  into  the  underground 
circulation. 

As  to  the  source  of  the  iron  to  be  carried  by  these  waters,  it 
has  already  been  pointed  out  that  metallic  iron  constitutes 
nearly  4.5  per  cent,  of  the  rocks  of  the  earth's  crust.  A  mass 
of  rock  1  mile  square  and  500  ft.  thick  weighs  about  1,072,200,- 
000  tons.  At  4.5  per  cent,  of  metallic  iron  in  such  a  block,  the 
content  of  metallic  iron  will  be  48,249,000  tons,  equal  to  about 
83,700,000  tons  of  magnetite.  This  would  furnish  material  for 
a  pure,  solid  magnetite  ore-bed  1  mile  square,  and  more  than 
20  ft.  thick. 

As  we  are  dealing  with  the  same  rock-formation  as  before, 
but  assuming  eruptives  or  a  combination  of  eruptives  and  sedi- 
ments, instead  of  sedimentary  origin,  the  areas  in  both  cases 
will  be  coextensive. 

Water  and  iron  having  been  accounted  for,  the  next  step  is 
to  find  room  for  deposition. 
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Two  cases  will  arise  here,  as  has  already  heen  suggested. 
The  rocks  are  either  sedimentaries,  penetrated  or  overflowed 
by  eruptives,  or  they  are  wholly  igneous  or  eruptive. 

In  the  first  case,  we  may  suppose  that  the  original  sediments 
were  alternating  beds  of  sandstones,  shales,  and  limestones. 
Limestones  are  not  only  readily  soluble,  but  as  the  limestone  is 
dissolved  in  iron-bearing  waters  and  carried  away,  iron  is  de- 
posited in  its  place  by  a  simple  chemical  reaction.  The  purity 
of  the  deposited  iron-ore  would  depend  on  the  purity  of  the 
limestone.  A  pure  limestone  would  be  wholly  dissolved  and 
replaced  by  pure  iron-ore,  while  from  an  impure  limestone  all 
silica,  alumina,  etc.,  would  be  left  behind,  to  mingle  with  the 
ore. 

We  are  familiar  with  the  fact  that  a  limestone  bed  is  rarely 
uniform  in  composition.  Lenses  or  bunches  of  impure  lime- 
stone occur  with  more  or  less  regularity.  Hence,  if  1  square 
mile  of  rock  were  originally  limestone,  a  vertical  section  of  it, 
after  the  lime  had  been  dissolved  out  and  replaced  with  iron- 
ore,  would  show  lenses  of  pure  ore  passing  into  strings  of  pure 
ore  interbanded  with  lean — -just  the  conditions,  in  fact,  which 
the  magnetic  iron-ore  miner  finds  in  his  mines  to-day. 

In  the  second  case,  where  the  entire  rock-mass  is  a  succes- 
sion of  eruptives,  the  rock,  instead  of  easily-soluble  limestone, 
would  consist  of  less  easily  decomposed  feldspars,  micas,  horn- 
blendes, pyroxenes,  etc.  The  end,  however,  would  be  practi- 
cally the  same  as  with  the  limestones. 

The  decomposition  by  water  of  solid  crystalline  rocks  is 
abundantly  illustrated  by  the  gneissic  and  granitic  rocks  of  the 
unglaciated  Southern  States,  where  sections  of  rotted  rocks 
many  feet  thick  are  exposed.  As  to  the  power  of  water  to  dis- 
solve the  iron  from  these  rocks,  and  the  later  precipitation  of 
this  iron,  the  725,000,000  tons  of  minable  "  brown  ore  "  which 
Mr.  Eckel  estimates  in  Alabama,  Georgia,  Tennessee,  and  Vir- 
ginia alone,  is  conclusive  proof. 

Reviewing,  briefly,  the  salient  points  in  the  secondary  origin 
of  magnetic  iron-ores,  we  find  that,  whether  the  rocks  contain- 
ing the  ores  originated  as  sediments  or  eruptives,  they  cover 
many  thousands  of  square  miles.  As  is  demonstrated  in  the 
case  of  the  Clinton  ores,  the  extent  of  the  ores  is  not  limited  to 
the  outcrops,  but  conditions  similar  to  the  outcrops  may  reach 
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at  right  angles  to  the  outcrop  for  thousands  of  feet,  limited 
only  by  the  extent  of  circulating  water.  We  find  an  abundant 
water-supply  in  xnagmatic,  rock,  or  metoric  water.  We  find 
channels  through  which  this  water  can  readily  circulate.  We 
find  an  abundance  of  rocks  and  minerals  which  are  dissolved 
or  decomposed  by  water.  We  find  in  the  rocks  themselves  an 
abundant  source  of  iron  and  in  a  readily-soluble  form. 

Therefore  we  can  but  conclude  that,  as  in  the  case  of  sedi- 
mentary origin,  so  in  the  case  of  eruptives  there  is  no  visible 
reason  why  the  magnetic  iron-ores  should  not  be  coextensive 
with  the  special  rock- formation,  as  is  the  case  with  the  Clinton 
iron-ores. 

III.  Igneous  Origin  of  Magnetic  Iron-Ores. 

This  theory  appeals  to  the  well-known  fact  that  crystals  and 
crystalline  grains  of  magnetite  and  hematite  are  constituents 
of  nearly  every  crystalline  eruptive.  The  percentage  of  metallic 
iron  will  exceed  4.5  per  cent.  We  have  already  seen  that  this 
means  an  equivalent  of  83,700,000  tons  of  magnetite  in  a  square 
mile  of  rock  500  ft.  thick.  The  problem  is,  to  account  for  the 
assembling,  not  of  all,  but  of  a  small  part  of  this  magnetite  in 
the  form  of  workable  ore-bodies. 

The  principle  involved  is  very  simple  and  can  be  readily 
observed  by  every  smelter  of  iron-  or  copper-ores.  Fragments 
of  matter  held  in  mechanical  suspension  in  a  fluid  or  semi-fluid 
of  lower  specific  gravity  will  settle  and  gather,  so  long  as  the 
suspending  medium  remains  sufiiciently  fluid. 

In  copper-smelting,  slag  and  matte,  intimately  mixed,  are 
drawn  from  the  furnace  into  pots.  So  long  as  the  slag  remains 
fluid  the  matte  settles  and  collects  in  the  bottom  of  the  pot 
When  the  slag  becomes  viscous  in  cooling,  suspended  grains 
of  matte  will  be  fixed  in  position,  and  unable  to  enter  the  main 
mass  of  matte.  To  apply  this  principle  to  the  segregation  of 
magnetic  iron-ores  by  the  igneous  theory  we  have  only  to 
assume  that  all  igneous  rocks  were  at  one  time  more  or  less 
fluid,  and  that  they  retained  their  fluidity  for  a  long  period. 
Moreover,  we  know  that  magnetite  and  hematite  occur  in  all 
eruptives,  and  that  both  are  nearly  twice  as  heavy  as  the  rock- 
mass  in  which  they  occur. 

Therefore,  according  to  this  theory,  the  igneous  rocks  con- 
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taining  the  magnetic  iron-oreB  are  but  a  gigantic  slag-pot,  from 
which  the  matte,  in  this  case  iron-ore,  has,  or  may  have,  settled. 
One  might  jump  to  the  conclusion,  then,  that  every  proved 
eruptive  rock  would  contain  a  body  of  iron-ore.  But  the 
reasons  why  this  sweeping  conclusion  is  not  at  all  warranted 
are  natural  and  self-evident. 

In  the  first  place,  as  in  the  case  of  the  furnace,  all  eruptives 
are  not  equally  fluid.  It  might  therefore  happen  that  the 
weight  of  the  iron  grains  would  not  be  sufficient  to  cause  them 
to  settle  through  the  viscous  fluid.  This  alone  would  suffice  to 
forbid  the  general  expectation  of  an  iron-ore  body  in  every 
eruptive.  Unequal  fluidity  of  the  mass  as  a  whole  might  give 
rise,  in  one  locality,  to  strings  or  bunches  of  ore  wholly  want- 
ing in  another. 

Without  pursuing  further  this  obvious  line  of  thought,  we 
must  consider  the  shape  of  individual  masses  of  ore.  Gather- 
ing in  the  manner  that  has  been  pointed  out,  the  shape  of  the 
mass  of  ore  could  be  nothing  else  than  very  irregular.  ^  Pure 
ore  would  be  succeeded  by  pure  rock  and  this  in  turn  by  lean 
ore  and  again  rock.  Nor,  further,  have  we  any  clue  as  to  how 
far  in  length,  breadth  or  depth  conditions  favorable  to  segrega- 
tion would  obtain.  With  this  cause  dominant  in  the  origin  of 
iron-ores,  obviously  no  safe  estimate  of  the  volume  of  reserve 
magnetites  can  be  made.  However  great  the  outcrop,  the  ex- 
tent of  the  ores  depends  upon  the  operation  of  conditions  the 
extent  of  which  there  is  absolutely  no  known  method  of 
determining.  This  much,  however,  can  be  predicted  with 
reasonable  certainty:  the  igneous  iron-ores  occur  in  un- 
doubted igneous  rocks  which  can  be  recognized  almost  un- 
erringly.  Moreover,  the  ores  occurring  in  these  rocks  are, 
almost  without  exception,  high  in  titanium. 

All  iron-ores  high  in  titanium  are  exclusively  in  an  eruptive 
rock  generally  called  gabbro.  Without  exception,  these  ore- 
bodies  are  very  irregular  in  outline.  Every  ore-body  begins 
and  ends  abruptly.  There  is  no  leader,  stratification,  schistos- 
ity,  bedding,  or  strings  or  lenses  that  will  lead  from  one 
deposit  to  another. 

There  are  many  features  peculiar  to  the  titaniferous  iron-ore 
deposits.  Whatever  the  origin  of  the  non-titaniferous  iron-ores 
and  their  inclosing  rocks,  the  gabbros  are  found  overflowing  or 
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overlying  them,  intruding  in  the  form  of  sheets  or  cutting 
them  in  the  form  of  bosses  or  knobs.  The  gabbro  rocks  and 
their  titaniferous  ores  are  younger  than  the  non-titaniferous 
rocks. 

Moreover,  in  the  Adirondack  region  of  New  York,  where 
iron-ores  high  in  titanium  occur  in  close  juxtaposition  with 
others  practically  free  from  this  element,  the  titaniferous  ores 
lie  exclusively  in  the  igneous  gabbro,  while  the  ores  lying  in 
the  so-called  gneisses  are  wholly  unaffected  by  titanium.  The 
most  natural  inference  is  that  the  two  ores  are  wholly  unrelated 
in  origin,  as  to  time,  though  both  may  be  eruptive.  Yet  it  is 
not  certain  that  they  may  not  be  cotemporaneous.  But,  even  in 
that  case,  they  are  sharply  distinguished.  The  segregated 
titaniferous  ores  occur  in  an  eruptive  gabbro ;  the  non-titani- 
ferous ores  in  a  distinct  gneiss;  the  former  as  isolated  pockets, 
sometimes  of  great  size ;  the  latter  as  extensive  sheets,  so  regu- 
lar and  conformable  to  the  schistosity  of  the  inclosing  rocks  as 
to  make  prospecting,  areally,  for  an  extension  of  a  given  outcrop 
a  safe  business.  Finally,  the  titaniferous  iron-ores  contain  (in 
addition  to  titanium)  chromium,  vanadium,  and  nickel,  from 
which  the  non-titaniferous  ores  are  relatively  free. 

Hence,  in  a  district  where  gabbro  rocks  are  dominant,  how- 
ever extensive  the  showing  of  iron-ore  in  these  rocks,  no  esti- 
mate of  ore  beyond  three  visible  dimensions  can  be  made; 
while  in  a  district  in  which  the  dominant  rock  is  the  gray 
gneiss  of  known  iron-mines,  the  possibilities  of  magnetic  iron- 
ore  reserves  are  bounded  only  by  the  limits  of  the  gneisses. 
Of  course  this  rule  can  be  applied  only  in  accordance  with 
sound  judgment  based  upon  adequate  experience.  The  titani- 
ferous ores  are  undoubtedly  of  eruptive  origin.  Whether  the 
non-titaniferous  ores  are  primary  or  secondary,  the  final  limits 
of  a  given  horizon  or  stratum  have  never  yet  been  found. 


In  conclusion,  there  is  one  possible  origin  of  the  magnetic 
iron-ores  which  has  not  been  generally  considered. 

In  the  province  of  Oriente,  Cuba,  there  are  deposits  of  iron- 
ore  that  literally  cover  square  miles  of  territory,  save  for  divi- 
sion by  drainage-streams.  One  belt  is,  to  my  personal  knowl- 
edge, more  than  10  miles  long  by  6  miles  wide.     The  deposit 
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occupies  the  surface  and  extends  from  the  "  grass  roots  "  down 
to  a  depth  varying  from  a  few  inches  to  more  than  100  ft.  It 
is  supposed  to  have  originated  by  a  process  the  very  reverse  of 
commonly  accepted  methods.  Here  a  rock,  originally  high  in 
iron,  has  been  leached  of  its  refractory  silica,  leaving  as  a  resi- 
due, alumina,  and  carrying  from  20  to  50  per  cent,  of  metallic 
iron.  This  ore  is  not  confined  to  Oriente,  but  is  found  exten- 
sively in  Camaguey,  covering  large  areas,  and  more  than  100 
ft.  thick. 

This  variety  of  iron-deposit  is  supposed  to  have  been  caused 
by  the  chemical  activity  of  meteoric  waters  in  a  warm,  moist 
climate. 

But  our  world  was,  during  one  long  period  of  its  history, 
probably  subject,  over  its  whole  area,  to  precisely  these  condi- 
tions. There  is  thus  a  possibility,  not  to  say  a  probability,  that 
many  iron-ore  deposits  may  have  been  formed  in  this  way. 
All  that  Cuba  would  need,  to  convert  into  magnetite  her  de- 
posits of  soft  ores,  would  be  a  mantle  of  soil  and  a  later  meta- 
morphism ;  and  it  is  not  difficult  to  imagine  similar  conditions 
as  having  resulted  in  our  extensive  iron-bearing  gneisses  with 
their  deposits  of  magnetic  iron-ores. 

Viewed  from  any  stand-point  of  genetic  theory,  then,  we  can 
only  come  to  the  conclusion  that  our  magnetic  iron-ore  reserves 
are  very  great,  and  that,  in  a  given  district,  their  extent  can  be 
almost,  if  not  quite,  as  accurately  estimated  as  in  the  case  of 
the  Clinton  ores. 

When  we  consider,  further,  the  fact  that  along  the  Atlantic 
coast,  for  2,400  miles,  from  Ungava  Bay  to  Alabama,  and  for 
an  average  width  exceeding  100  miles,  not  only  are  the  iron- 
bearing  gneisses  known  to  occur,  but  in  this  area  many  out- 
crops actually  do  occur  from  1  to  7  miles  along  the  strike, 
there  is  as  yet  no  known  reason  why  a  proportionate  depth 
cannot  be  safely  assumed. 

Conclusion. 

It  is  hardly  necessary  to  say  that  the  foregoing  argument 
does  not  deal  with  the  question  of  ore-reserves  "  in  sight,"  or 
actually  indicated  by  recognized  outcrops  only.  It  does  not 
warrant  sanguine  estimates  of  the  value  of  particular  undevel- 
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oped  properties.  It  simply  seeks  to  show  that  we  are  justified 
in  assuming  for  our  magnetic  iron-ores  a  potential  extent,  in 
something  like  the  way  we  calculate  upon  other  iron-ores ;  and 
that,  in  this  respect,  the  estimates  of  some  geologists  and  the 
real  or  affected  fears  of  others  are  alike  groundless. 


[  14] 
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Geology  of  Harrison  Gulch,  in  Shasta  County,  California. 

BY  H.    E.  -KRAMM,   ITHACA,    N.   Y. 

(New  York  Meeting,  February,  1912.) 

During  the  summer  of  1911, 1  had  the  opportunity  to  study 
in  detail  the  geological  conditions  of  what  is  known  in  northern 
California  as  "  Harrison  gulch,"  in  Shasta  county.  Though  the 
district,  as  a  whole,  that  is,  the  western  part  of  Shasta  and  the 
eastern  part  of  Trinity  county,  has  contributed  during  the  last 
15  years  a  considerable  share  of  the  gold-production  credited  to 
Shasta  county,  very  little  .is  known  of  its  geology,  perhaps  be- 
cause the  country  is  covered  with  a  dense  growth  of  brush 
which  makes  exploration  and  prospecting  extremely  difficult. 

Topographically  the  district  presents  a  succession  of  ridges 
trending  approximately  N-S.,  and  alternating  with  deep  nar- 
row canyons.  The  drainage  is  partly  into  the  Sacramento, 
pardy  into  the  Trinity  river. 

Climatic  conditions  in  summer  time  are  almost  ideal.  It  is 
true,  the  thermometer  may  climb  to  115°,  but  the  air  is  dry 
and  the  heat  is  bearable,  especially  as  the  nights  are  always 
cool.  It  seldom  rains  during  the  summer  months,  and  creeks 
and  springs  dry  out  towards  the  end  of  the  summer.  The  win- 
ter is  severe,  lasting  from  November  to  April,  and  usually  a 
thick  layer  of  snow  covers  the  mountains. 

By  reason  of  the  character  of  its  gold-deposits,  the  region 
is  known  to  miners  as  "the  pocket  country."  It  contains 
a  series  of  eruptive  rocks  intruded  into  slates,  cherts,  lime- 
stones, and  conglomerates.  Dikes,  laccoliths,  and  batholiths 
are  frequent.  In  a  day's  ride  it  is  possible  to  find  all  the 
common  igneous  rocks  from  the  very  acid  to  the  very  basic. 
Serpentines  are  especially  abundant.  The  sedimentary  rocks 
are,  as  rule,  broken  and  shattered  as  well  as  folded,  and 
show  the  effects  of  intense  metamorphism.  "  Pocket-hunters  " 
speak  of  the  contact  of  diabase  and  slate  as  the  "  pocket-con- 
tact."    Some  rich  gold-pockets,  however,  have  also  been  found 

in  the  diabase. 
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Besides  the  gold,  there  are  indications  of  quicksilver  and 
copper.  Cinnabar  is  often  present  in  the  concentrates  of  the 
placer-gravels,  and  can  invariably  be  traced  to  a  contact  of  ser- 
pentine and  shale.  It  seems,  therefore,  that  the  conditions  of 
its  occurrence  are  similar  to  those  of  the  central  coast  ranges 
of  California,  where,  with  a  few  exceptions,  it  is  found  in  de- 
composed serpentine  near  the  contact  of  that  rock  with  shale  or 
sandstone. 

Up  to  the  present  time  quicksilver  has  not  been  found  in 
paying  quantities  in  Shasta  county,  but  such  a  discovery  would 
not  be  surprising. 

Indications  of  copper  are  stains  of  malachite  and  chalcopy- 
rite.  They  are,  in  all  probability,  due  to  the  leaching  of  copper- 
minerals  which  most  basic  eruptive  rocks  carry,  and  which  are 
redeposited.  They  are  especially  abundant  in  quartz  veins 
found  in  slates  and  basic  eruptive  rocks;  and  since  the  quartz 
may  also  be  a  carrier  of  gold,  the  presence  of  the  stains  may 
make  the  cyanidation  of  such  ore  a  difl5.cult  problem. 

The  area  described  in  detail  here  comprises  about  6  sq. 
miles,  including  that  part  of  Harrison  gulch  in  which  the 
property  of  the  Goldhill  Consolidated  Mines  is  located,  and 
also  the  town  of  Knob. 

Knob  is  reached  from  Redding,  which  lies  to  the  northeast, 
by  daily  stage  which  leaves  at  6  a.  m.,  passes  through  Ono  and 
Igo,  and  in  summer  time  manages  to  reach  its  destination  in 
the  evening.  A  road  also  makes  connection  with  Red  Blutt*. 
Trails  lead  to  Weaverville  in  the  north  and  to  other  points. 
Redding  and,  to  some  extent.  Red  Bluff  are  bases  of  supplies. 

Figs.  1  and  2  give  an  idea  of  the  topography  and  geology. 
Harrison  Gulch  creek,  which  empties  into  Cottonwood  creek, 
a  tributary  of  the  Sacramento  river,  has  its  headwaters  within 
the  area.  Its  course  is  approximately  N-S.,  and  it  has  cut  a  steep 
canyon,  the  walls  of  which  rise  in  places  more  than  1,000  ft. 
above  the  creek-bed.  Numerous  smaller  streams  have  left 
their  imprint  upon  the  topography,  the  rugged  appearance  of 
which  is  heightened  by  the  dense  growth  of  brush  and  an 
abundance  of  pine  and  fir  timber. 

The  following  rocks  appear  in  this  district: 

1.  A  shale  of  siliceous  character,  reddish  yellow  in  color, 
fairly  hard,  and  showing  a  pronounced  cleavage.    Near  its  con- 
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tact  with  a  diabase,  which  is  intrusive,  it  becomes  slate,  its 
color  changes  to  a  greenish  brown,  and  it  carries  considerable 
amounts  of  free  carbon.  Interbedded  with  it  are  a  more  or 
less  iron-stained  chert  and  lenticular  bodies  of  crystalline  lime- 
stone of  great  purity.  The  former  appears  to  represent  an 
intense  degree  of  metamorphism  of  the  shale. 

2.  A  conglomerate,  made  up  of  pebbles  of  chert  which  vary 
in  size  from  a  diameter  of  several  inches  to  that  of  a  grain  of 


Weaverville 


TRINITY 


Fig.  1. — Sketch-Map  of  Shasta  County,  Cal. 

sand.  It  is  well  cemented  by  a  siliceous  material.  A  friable 
shale,  interbedded  with  the  conglomerate,  contains,  near  Knob 
Hill,  north  of  Knob,  a  fossil  flora. 

3.  Serpentine  derived  from  a  peridotite  which  is  intrusive 
into  the  shale  first  named  above.  It  ranges  in  color  from  dark 
green  to  brown,  according  to  its  state  of  decomposition.  As 
a  general  rule,  it  is  fairly  well  preserved,  and  shows  several  of 
the  original  minerals  of  the  peridotite  still  intact. 

4.  A  diabase  which  seems  to  grade  on  one  hand  into  a  gab- 

[3] 

Digitized  by  VjOOQ IC 


712 


GEOLOGY    OF   HARRISON    GULCH. 


Vertical  Scale  =^  Horizontal  Scale 
SECTION  AB 
LEGEND 


:S=-^:=-"s: 


Shale  and  Chert 


Limecitone 


Contact  Lines 


ran 


Conglomerate 


Serpentine 


Veins 


Fault  Line 


Fi«.  2.— Geology  and  Topography  op  Harrison  Gulch,  Shasta 
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bro,  and  on  the  other  into  an  andesite.  It  is  somewhat  decom- 
posed and  intrusive  into  the  shale  and  conglomerate. 

The  shale,  limestone,  and  chert  were  deposited  first.  Their 
angle  of  dip  is  high — approximately  70°.  An  unconformity 
exists  with  the  overlying  conglomerate. 

The  area  investigated  gives  no  clue  as  to  the  geological  age 
of  the  rocks.  They  seem,  however,  to  correspond  in  every 
respect  with  the  Clear  Creek  volcanic  series  and  the  Bragdon 
formation,  consisting  of  slates,  quartzites,  and  conglomerates. 

Geology  of  the  Deposits, 

The  intrusion  of  the  eruptives  has  given  rise  to  conditions 
favorable  to  the  formation  of  quartz  fissure-veins.  Stringers 
can  be  found  traversing  the  slate  and  the  diabase  at  many 
places.  The  two  important  veins  mined  for  gold  are  known  as 
the  Midas  and  the  Gold  Hill. 

For  sake  of  description  we  may  divide  all  the  quartz  veins  of 
the  area  into  three  types. 

The  first  type  is  represented  by  the  Midas  vein,  a  fissure  in 
the  slate,  which  has  been  worked  to  a  depth  of  about  1,600  ft. 
It  strikes  approximately  NW-SE.,  and  dips  about  80®  S. 
Its  width  is  variable,  with  a  maximum  of  3  ft.  The  walls  are 
composed  of  broken  and  shattered  minute  angular  fragments 
of  slate,  recemented  by  chalcedony.  This  condition  is  not  con- 
fined to  the  wall-surface  alone,  but  extends  a  considerable  dis- 
tance into  the  rock.  It  is  scarcely  visible  to  the  naked  eye, 
but  can  plainly  be  seen  under  the  microscope. 

The  ore-minerals  consist  of  native  gold  (alloyed  with  some 
silver),  iron  pyrites,  and  tetrahedrite.  A  thin  gouge  is  some- 
times present;  more  often  the  quartz  rests  directly  on  the  slate 
wall. 

The  ore-body  has  undergone  extensive  faulting.  Besides 
numerous  faults  of  minor  importance,  among  which  there 
seems  to  be  no  system,  there  are  two  of  considerable  magni- 
tude. 

The  first  is  known  as  the  "  header  and  gutter  " — a  horizontal 
displacement,  averaging  about  5  ft.,  which  can  be  traced  from 
level  to  level  without  serious  difficulty,  and  which  is  important 
because  it  has  been  instrumental  in  the  concentration  of  the 
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gold.  Below  it,  the  values  decrease  rapidly;  above  it,  they 
are  high. 

The  second  fault  is  more  extensive.  It  is  a  normal  fault 
striking  approximately  N-S. — that  is,  nearly  at  right  angles  to 
the  strike  of  the  vein.  Its  course  is  about  that  of  Harrison 
Gulch  creek  near  the  Mcintosh  shaft.  It  dips  80°  E.  This 
fault  caused  a  downward  movement  of  200  ft.  of  the  country 
east  of  the  creek,  with  a  horizontal  displacement  to  the  north 
of  about  200  ft.  It  is  easily  recognized  and  traced.  Its  walls 
at  places  stand  6  ft.  apart,  the  space  being  filled  with  fault- 
breccia,  gouge,  and  broken  fragments  of  the  ore-body.  At 
other  places  the  walls  touch  each  other. 

The  "header  and  gutter"  has  been  found  to  continue  in  that 
portion  of  the  vein  which  was  displaced  by  the  second  fault. 

The  second  type  of  veins  is  represented  by  the  Gold  Hill, 
which  diiFers  from  the  Midas  in  that  it  is  located  along  the 
shear-zone  caused  by  the  intrusion  of  diabase  into  the  slate. 
It  is  irregular  in  dip  and  strike  and  eccentric  in  metal-content. 
A  gouge  of  talc  is  often,  but  not  always,  present.  Besides  the 
ore-minerals  found  in  the  Midas  vein,  chalcopyrite  in  small 
quantities  and  native  copper  are  present,  the  latter,  however, 
being  exceedingly  rare. 

Where  no  vein  exists  between  the  two  rocks,  the  contact  is 
sometimes  sharply  defined.  On  one  hand  is  slate,  on  the 
other  diabase,  with  a  definite  boundary-line.  Sometimes,  how- 
ever, it  is  not  well  defined,  but  one  rock  so  gradually  passes 
into  the  other  that  even  the  microscope  does  not  give  satis- 
factory information  as  to  the  mineral  content,  the  rock  being 
much  decomposed  and  showing  thermal  eftects. 

The  third  type  embraces  veins  entirely  in  diabase.  Their 
origin  is  probably  due  to  the  cooling  of  the  intrusive  rock 
and  consequent  shrinkage,  which  caused  fissuring.  They  are 
very  irregular  in  occurrence  and  shape.  It  is  of  interest 
that  up  to  the  present  these  veins  have  proven  barren  with  the 
exception  of  those  which  lead  into  the  shear-zone  and  contain 
values  near  this  zone. 

The  distribution  of  ore-minerals  in  the  three  types  of  veins 
makes  it  certain  that  the  slate  was  an  influential  factor  in  their 
deposition.  Mineral-bearing  solutions,  meeting  the  carbon- 
aceous waters  issuing  from  the  slate,  were  forced  to  deposit 
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their  mineral  content.  This  explains  why  the  third  type  of 
vein  Is  mineralized  near  the  shear-zone,  but  barren  some  dis- 
tance away  from  it.  It  may  also  explain  why  the  ore-minerals 
are  most  evenly  distributed  in  veins  of  the  first  type,  where 
both  walls  are  slate  and  could  act  as  precipitating-agents. 

That  the  carbon  acts  as  a  powerful  reducing-agent  is  demon- 
strated by  the  occurrence  of  native  copper  along  the  shear- 
zone.  This  carbon  has  piroved  a  hindrance  in  the  cyanidation 
of  the  ore. 

In  mining  the  ore,  it  is  not  possible  to  avoid  including  a 
certain  percentage  of  slate.  The  ore  is  crushed  and  amalga- 
mated, and  the  tailings  are  cyanided.  While  the  percentage 
of  copper  present  is  not  enough  to  interfere  with  the  cyanida- 
tion, the  free  carbon  entering  with  the  slate  has  caused  serious 
difficulty.  It  was  at  first  believed  that  the  sulphides  contained 
in  the  ore  were  the  objectionable  elements,  and  roasting  was 
tried  with  success.  As  a  matter  of  fact,  however,  the  roasting 
transformed  most  of  the  carbon  into  carbon  dioxide  and  thus 
freed  the  ore  of  the  objectionable  reducing-agent. 

In  closing,  I  wish  to  acknowledge  my  obligation  to  H.  L. 
Waste,  Manager  of  the  Goldhill  Consolidated  Mines  Co.,  with 
whose  permission  this  paper  has  been  prepared. 
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Abrasion  and  Dust-Losses  in  Ore-Drying. 

BY  CARL  p.   DIETZ  AND  DYKE  V.    KEEDY,    BOSTON,   MASS. 
(New  York  Meeting,  February,  1912.) 

The  problem  of  drying  ores  is  one  that  most  mill-engineers 
are  sooner  or  later  called  upon  to  meet,  and  it  may  be  timely 
to  point  out  some  of  the  difficulties  resulting  from  such  opera- 
tions from  purely  a  metallurgical  and  economic  stand-point. 
We  mean,  in  the  following  pages,  to  discuss  primarily  the 
effect  of  such  operations  on  the  ore  itself,  without  particular 
reference  to  the  mechanical  or  cost  features  of  the  subject. 
That  an  appreciable  tonnage  of  the  ore  fed  to  the  usual  form 
of  drier,  either  rotary  or  stack,  is  lost,  is  fairly  well  appreciated, 
but  we  believe  that  only  a  few  mill-managers  know  just  what 
their  drier-losses  amount  to,  and  we  have  found  that  in  most 
cases  they  console  themselves  with  the  fact  that  the  drier-smoke 
is  not  very  much  discolored,  and  it  is  generally  believed  that  the 
draft  is  not  sufficient  to  carry  away  more  than  a  negligible  per- 
centage of  the  values. 

The  drying  of  ores  is  becoming  an  important  factor  since 
the  more  general  application  of  magnetic,  static,  and  dry-table 
treatment.  Its  importance  in  the  field  of  metallurgical  opera- 
tions warrants  a  close  examination  into  its  effects.  This  sub- 
ject has  been  repeatedly  brought  home  to  us,  and  while  the 
drier-losses,  in  every  case  examined,  have  considerably  ex- 
ceeded even  the  most  generous  estimate,  an  attempt  at  a 
recovery  of  these  values  is  rarely  made.  We  have  found  that 
the  losses  resulting  from  drying-operations  can  be  effectively 
recovered,  at  a  low  cost,  and  believe  that  the  publication  of  the 
results  of  a  number  of  investigations  along  these  lines  will  be 
of  interest  and  benefit  to  the  profession  at  large. 

To  dry  an  ore  quickly  and  eflfectively,  it  must  be  brought 
into  actual  contact  with  hot  gases  or  air.  The  rapid  drying  is 
effected  by  the  fact  that  the  hotter  the  gas  the  hungrier  it  is 
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for  moisture.  A  consideration  of  the  following  data  indicates 
the  rapidly  increasing  moisture-carrying  capacity  of  air  or  gas, 
at  atmospheric  pressure,  as  the  temperature  increases: 

Weight  of  Water- Vapor  Mixed 
Temperature.  with  1  lb  of  Air. 

Degrees  F.  Pounds. 

32, 0.003744 

82, 0. 023  V26 

132, 0.118548 

182, 0.728012 

192, 1.253190 

202, 2.856070 

212, Infinite 

The  types  of  driers  usually  employed  are:  (1)  stacks  of 
brick  or  iron  in  which  the  ore  falls  over  baffle-plates,  against 
the  ascending  current  of  hot  gases,  and  (2)  horizontal  rotary 
tubes,  in  which  the  ore  is  propelled,  due  to  the  increasing 
diameter  of  the  conical  shell,  or  to  a  slight  pitch  when  the 
tube  is  a  cylinder ;  or  to  either  of  these  in  addition  to  a  series 
of  spiral  angle-plates  attached  to  the  interior  of  the  shell  acting^ 
as  a  screw-conveyor. 

In  the  rotary  driers,  it  is  usual  to  have  lifting-angles  on  the 
inner  wall  of  the  shell  for  picking  up  the  ore  and  carrying  it  to  a 
varying  height,  allowing  the  material  to  fall  to  the  bottom  of  the 
cylinder  through  the  current  of  hot  gases.  Thus  a  myriad  of 
surfaces  is  presented  from  which  the  moisture  may  be  evapo- 
rated. In  the  stack-drier,  the  same  effect  is  produced  when  the 
ore  drops  from  baffle  to  baffle,  thereby  being  spread  out  into 
a  rather  thin  layer. 

"While  under  these  conditions  the  drying-factor  is  a  fairly 
efficient  one,  yet  two  other  effects,  not  desirable,  result.  The 
first  of  these  is  abrasion,  while  the  second  is  the  loss-due  to  the 
draft  carrying  along  fine  particles  of  value.  The  abrasion-factor 
is  practically  the  same  in  the  two  types  of  driers  unless  in  the 
rotary  type  the  passage  of  the  ore  is  very  slow  and  each  piece 
is  permitted  to  fall  many  more  times  than  it  would  in  passing 
from  baffle  to  baffle  in  the  stack  drier.  That  the  abrasion  in 
the  drying  of  sulphide  ores  is  a  large  factor,  and  that  as  a  rule 
the  mineral  values  abrade  the  more  readily,  is  generally  ad- 
mitted ;  but  few  engineers  realize  the  extent  to  which  driers 
act  as  a  gravity  impact-crusher  or  tumbling-mill.     If  the  feed 
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to  a  rotary  drier  is  carefully  examined  and  compared  to  the 
discharge,  the  shape  of  the  pieces  of  ore  will  be  found  to  be  quite 
different;  the  feed  being  sharp-edged  and  rough,  as  against  the 
discharge  showing  many  smooth  surfaces,  while  at  the  same 
time  the  rough  and  sharp  edges  have  almost  wholly  disap- 
peared. Abrasion  is  the  cause,  and  of  course  the  heavier  the 
rock  the  greater  will  be  the  impact,  and  consecjuently  the 
greater  the  abrasion.  There  is,  therefore,  an  economic  limit 
to  the  size  of  the  material  to  be  dried,  entirely  aside  from  the 
factors  of  damage  to  plates  or  shelves,  or  the  danger  of  not 
thoroughly  drying  through  to  the  core,  in  the  case  of  porous 
material.  On  the  other  hand,  a  fine  feed  has  the  decided  dis- 
advantage that  the  operation  produces  much  dust,  resulting  in 
a  great  loss. 

Such  drier-losses  first  made  themselves  uncomfortably  notice- 
able to  us  in  the  operation  of  a  dry  milling-plant  in  Utah 
handling  lead-silver  ore  in  which  two-thirds  of  the  lead  was  in 
carbonate  form,  while  fully  10  per  cent,  of  the  silver-values 
occurred  as  halogen  compounds. 

The  ore  was  crushed  to  about  1.5  in.  in  size  before  entering 
the  drier.  This  consisted  principally  of  a  conical  shell  24  ft. 
long  and  about  4.5  fk.  in  diameter,  rotating  at  8  rev.  per  min. 
The  draft  was  just  suflicient  to  take  care  of  a  light  fire,  all  that 
was  necessary,  since  the  ore  carried  but  from  5  to  8  per  cent,  of 
moisture.  Even  under  such  conditions  and  after  taking  out 
the  alternate  lifting-angles,  the  gases  issuing  from  the  top  of 
the  stack  showed,  by  their  color,  that  an  appreciable  quantity 
of  fine  dust  was  being  lost.  The  back  connection  of  the  drier 
consisted  of  a  large  chamber,  the  flue  from  which  to  the  stack 
was  very  liberal  in  cross-section.  Hence  the  flow  of-  the  gases 
was  so  very  slow  that  most  of  the  dust  was  permitted  to  settle 
in  the  chamber  and  in  the  bottom  of  the  smoke-stack.  A 
fairly  close  approximation  of  the  distribution  of  the  ore  after 
it  was  dried  is  found  in  the  following  : 

Weight.       / Assay. >       Percentage  of  Total. 

Producia.  Percent.      Pb.  Ag.  Pb.  Ag. 

Total  feed 100  10.35  9.68  100  100 

Dry  discharge, 96.2  9.77  9.34  90.7  95.40 

Settled  in  chamber,     .     .     .  1.77  35.30  10.30  6.04         1.94 

Settled  in  smoke-stack,     .     .  0.76  18.50  8.60  1.36         0.69 

Lost  in  gases, 1.27  14.30  15.20  1.75         2.04 
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.  From  the  above  it  will  be  seen  that  of  the  total  feed  to  the 
drier,  3.8  per  cent,  by  weight  was  withdrawn  by  the  draft,  cor- 
responding to  a  loss  of  9.3  per  cent,  of  the  lead-content  and 
4.6  per  cent,  of  the  silver-content.  At  the  then  prevailing 
metal  prices,  7.6  per  cent,  of  the  total  value  in  the  ore  was 
taken  out  by  the  draft.  Of  this,  the  greater  portion,  however, 
due  to  the  generous  dimensions  of  the  settling-chamber,  flue, 
and  smoke-stack,  was  recovered  in  the  form  of  a  somewhat 
finely-divided  product  of  sufliciently  high  grade  to  be  mixed 
with  the  concentrates,  resulting  in  a  final  loss  of  unrecovered 
material,  going  off  as  an  impalpable  powder  in  the  stack-gases, 
of  1.27  per  cent,  of  the  total  lead  and  2.04  per  cent,  of  the 
total  silver,  or  a  money-value  of  1.85  per  cent,  of  the  total 
values  in  the  ore. 

Had  it  not  been  for  the  precautions  employed  in  operating 
the  drier  and  crushing  no  finer  than  1.5  in.,  the  final  losses 
would  have  been  much  heavier  and  would  have  necessitated 
treating  the  drier-gases  for  a  recovery  of  the  dust.  The  slow 
movement  accounts  for  the  reduction  in  lead-tenor  as  the  prod- 
ucts grow  finer,  while  the  silver-values  manifest  their  finely- 
divided  form  by  their  presence  to  the  greatest  value  in  the  dust 
of  the  discharge-gases. 

In  the  case  of  a  cyanide-plant  in  southern  Utah,  crushing 
gold-ores  dry,  prior  to  cyanidation,  the  ore  came  from  the  mine 
in  a  very  wet  state.  Consequently  four  rotary  driers  were 
driven  hard  to  effect  drying  the  tonnage  necessary.  The  ore 
was  crushed  to  but  2  in.  in  size  before  going  to  the  drier-plant. 
The  smoke  issuing  from  the  stack  was  light  gray  in  color,  due 
to  the  quartz,  and  on  quiet  days  settled  its  burden  over  the 
immediately  surrounding  country.  From  5  to  6  per  cent,  of 
the  tonnage  was  lost  regularly  in  this  operation;  and  assays  of 
the  dust  contained  in  the  gases  as  issuing  into  the  atmosphere 
ran  0.48  oz.  of  gold  and  3.48  oz.  of  silver,  derived  from  an  ore 
carrying  0.31  oz.  of  go  Id  and  0.15  oz.  of  silver.  This  dust  was 
all  finer  than  150-mesh,  but  could  readily  have  been  recovered 
and  treated.  The  loss  suffered  by  this  drying-method  amounted 
to  approximately  7.81  per  cent,  of  the  values  in  the  ore. 

Two  other  notable  cases  may  be  mentioned  in  passing ;  one, 
in  northern  Norway,  where  mixed  magnetite  and  hematite  ore 
carrying  35  per  cent,  of  iron  was  being  milled  on  a  very  large 
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scale.  The  rock,  after  having  been  crushed  to  about  3-in.  size, 
passed  through  a  set  of  stack  driers,  which  at  certain  times  in 
the  year,  when  snow  and  ice  came  down  with  the  ore  from  the 
quarries,  it  was  necessary  to  operate  with  forced  draft.  While 
the  dust-loss  was  not  actually  measured,  it  is  safe  to  say  that 
it  was  not  less  than  from  7  to  10  per  cent,  by  weight.  In  ad- 
dition to  this,  the  assay-value  of  the  dust  was  considerably 
higher  than  that  of  the  crude  ore,  since  the  specular  hematite, 
being  friable,  suffered  the  greatest  abrasion.  The  surrounding 
country  for  hundreds  of  feet  from  the  drier-house  was  covered 
with  fine  iron-ore,  and  the  smoke  from  the  drier-stacks  was  a 
dark  brown  and  just  as  dense  as  that  issuing  from  a  chimney 
directly  after  boilers  have  been  fired  with  soft  coal.  The  trouble 
in  this  case  was  a  lack  of  drying-equipment;  and  since  the 
time  that  ore  is  exposed  to  the  action  of  the  gases  in  a  stack 
drier  is  not  readily  controllable,  a  sharp  increase  in  moisture- 
content  of  the  ore  necessitates  driving  the  driers  with  forced 
draft,  resulting  in  a  very  much  heavier  dust-loss  than  would 
be  suffered  if  the  upward-moving  gas-current  had  a  lower 
velocity. 

Another  instance  in  one  of  the  far  western  States,  where 
sulphide  losses  were  heavy,  may  be  mentioned.  The  material 
treated  was  a  middlings  product  consisting  of  a  zinc-blende 
and  iron-pyrite,  practically  all  of  it  finer  than  16-mesh,  and 
carrying  from  20  to  30  per  cent,  of  moisture.  The  separating 
process  used,  being  a  dry  method,  required  the  drying  of  the 
feed  so  that  it  would  lend  itself  freely  to  fine  sizing.  The  type 
of  drier  used  was  a  rotary  cylinder  through  which  the  gases 
passed  in  contact  with  the  ore,  and  fearing  a  considerable  drier- 
loss,  a  settling-chamber  was  installed  between  the  back  con- 
nection of  the  drier  and  the  smoke-stack.  The  deposition  of 
fine  sulphide-dust  in  the  settling-chamber  was  relatively  very 
large,  but  frequently  this  was  not  deposited  in  the  dry  state, 
since  a  reduction  in  temperature  of  the  gases  in  this  chamber 
permitted  some  of  the  moisture  to  condense,  and  left  a  large 
portion  of  the  settled  product  in  the  form  of  a  thick  sludge. 
Much  of  the  fine  dust  escaped  with  the  gases,  as  was  evidenced 
by  the  color  of  the  smoke  and  the  rapidity  with  which  particles 
settled  out  therefrom.  The  losses  sustained  must  run  into  con- 
siderable tonnages  in  the  course  of   a   year's  operation,  and 
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while  we  have  no  figures  to  present  with  regard  to  this  particu- 
lar plant,  we  feel  safe  in  saying  that  by  analogy,  and  our  ex- 
perience in  other  operations  of  a  like  nature,  the  loss  cannot 
be  less  than  from  8  to  5  per  cent,  of  the  total  value  of  the  ore. 

In  such  operations  where  the  drying  of  ores  becomes  a  neces- 
sary step,  precautionary  measures  should  be  taken  to  recover 
the  values  that  would  otherwise  be  lost  in  this  operation. 

In  a  more  recent  case  where  a  complex  zinc-iron  ore  (sul- 
phides and  oxides  mixed)  was  to  be  treated  by  a  dry  method, 
it  became  necessary  to  dry  the  material  after  it  had  been 
crushed  to  about  1.5-in.  size,  driving  off  a  relatively  small  per- 
centage of  moisture  contained  therein.  This  moisture  would 
vary  from  2  to  as  high  as  10  per  cent.,  although  more  generally 
it  was  in  the  neighborhood  of  from  3  to  4  per  cent. 

The  type  of  drier  used  was  a  rotary  cylinder  30  ft.  long,  4  ft. 
in  diameter,  set  at  a  pitch  of  0.25  in.  to  the  foot.  The  inside 
wall  of  the  shell  was  equipped  with  numerous  lifting-angles 
which  effected  a  frequent  dropping  of  the  ore  through  the  cur- 
rent of  hot  gases,  but  which  with  a  relatively  dry  material  had 
the  disadvantage  of  causing  more  abrasion  and  stirring  up 
more  dust  than  was  necessary,  with  a  consequent  loss  that  far 
exceeded  all  expectations.  That  losses  would  be  suffered,  due 
to  the  drying-operation,  especially  since  the  draft  was  induced 
by  a  small  exhaust-fan,  was  to  be  expected,  and  it  was  deter- 
mined that  before  any  dust-collecting  installations  were  to  be 
made,  the  actual  loss  sustained  id  this  operation  was  first  to  be 
measured.  As  a  precaution  against  an  excess  loss  of  the  dust, 
the  drafi^fan  was  operated  with  just  enough  speed  to  carry 
away  the  gases  from  a  very  light  fire.  The  fan  was  so  ac- 
curately adjusted  that  a  reduction  of  but  15  to  20  rev.  per  min. 
caused  some  of  the  furnace-gas  to  leak  through  the  brick 
setting  and  other  openings,  into  the  mill. 

We  had  here  an  ore  that  in  its  general  make-up  is  representa- 
tive of  a  very  large  class  of  material  that  engineers  are  fre- 
quently called  upon  to  dry.  The  ore  carried  about  20  per 
cent,  of  zinc  as  its  principal  value.  This  zinc  was  mostly  in 
the  sulphide  state,  having  some  iron  chemically  combined  with 
it,  80  that  the  individual  crystals  varied  from  a  light  semi-trans- 
lucent brown  to  quite  a  dark  brown,  opaque  in  appearance. 
The  iron  associated  with  the  zinc  was  present  primarily  in 
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three  forms ;  that  is,  the  sulphide,  specular  hematite,  and  mag- 
netite. The  percentage  of  iron  in  the  ore  was  about  equal  to 
that  of  the  zinc.  As  to  other  values,  there  was  a  small  quan- 
tity of  lead  as  galena  carrying  a  few  ounces  of  silver  to  the  ton. 
The  gangue  consisted  primarily  of  silica  and  some  lime.  Some 
of  the  mineral  values  were  oxidized,  considerably  further  com- 
plicating the  mixture,  and  there  were  present  in  appreciable 
quantities  some  carbonates  of  zinc,  lead,  iron,  and  manganese. 

Extent  and  Effect  of  Abrasion. 

The  type  of  drier  in  use  at  this  plant  was  faulty  in  at  least 
one  detail,  that  being  the  rather  unfortunate  location  of  the 
feed  with  respect  to  the  gas-outlet.  The  feed-pipe  discharged 
its  ore  into  the  drier-shell  at  just  about  the  point  where  the 
velocity  of  the  gases  was  greatest;  hence  the  power  to  draw 
fine  material  into  the  stack  even  before  it  came  in  contact  with 
the  drier-shell  was  great.  Even  with  ore  carrying  from  10  to 
15  per  cent,  of  moisture,  a  heavy  loss  was  experienced,  and 
with  actually  wet  ore  the  conditions  were  not  much  improved, 
since  it  thus  became  necessary  to  drive  harder  to  effect  the 
same  degree  of  dryness.  Hence  the  velocity  of  the  gases  pass- 
ing through  the  shell  was  sufficient  to  carry  along  particles  of 
considerable  size  and  the  net  results  were  much  the  same. 

Since  superficial  investigations  indicated  a  very  heavy  abra- 
sion-factor in  the  drier,  which  in  part  resulted  in  heavy  tonnage- 
and  zinc-loss,  it  became  desirable  to  have  a  reasonably  accurate 
measure  of  this  factor.  A  test  to  determine  this  was  carried 
out  as  follows : 

It  was  attempted  to  have  the  conditions  during  the  test  as 
nearly  as  possible  identical  with  those  existing  during  regular 
mill-operations,  the  only  difference  being  that  the  escape  of 
dust  should  be  minimized  to  the  greatest  possible  extent,  so 
that  as  nearly  as  possible  all  the  material  fed  to  the  drier  would 
be  accounted  for  in  the  products  derived  therefrom.  Even 
though  the  ore  was  practically  dry,  the  drier  was  thoroughly 
heated  before  the  test  began.  During  the  time  of  the  test,  fire- 
doors  and  ash-pit  doors  were  closed  up  tightly,  and  the  fans, 
both  force  and  draft,  were  stopped,  so  that  the  only  draft  pass- 
ing through  the  machine  was  such  as  would  be  induced  by  the 
tendency  for  the  hot  air  within  the  drier  to  rise  through  the 
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gas-connections  and  fan-casing,  and  cause  fresh  cold  air  to  be 
sucked  in  through  the  leaks  and  other  openings. 

Precaution  was  taken  at  the  discharge  end  of  the  drier  so 
that  contamination  between  the  ore  on  which  the  test  was 
being  made  and  the  material  piled  up  in  the  back  connection 
could  not  take  place. 

A  measure  of  the  abrasion  can  be  had  only  by  comparing 
the  screen-analysis  of  the  material  when  fed  to  the  drier  with 
the  screen-analysis  of  the  same  material  as  it  issues  therefrom. 
For  the  purpose  of  producing  as  definite  results  as  possible,  the 
crude  ore  to  be  fed  to  the  drier  consisted  of  pieces  no  larger 
than  those  passing  through  the  Blake  crusher,  about  2-in.  ring, 
while  also  everything  finer  than  IB-mesh  was  eliminated.  Thus 
a  direct  relationship  is  to  be  had,  since  any  material  finer  than 
16-mesh  in  the  discharge  from  the  drier  must  necessarily  have 
been  produced  during  the  passage  of  the  ore  through  the  ma- 
chine. The  ore  as  it  was  discharged  from  the  drier  was  again 
screened  over  0.25-in.  and  16-mesh  screens,  the  same  as  the 
feed.  The  relationship  between  these  screen-analyses  directly 
measures  the  abrasion-factor. 

During  the  time  of  the  test  the  stack-draft,  through  the 
drier,  carried  out  into  the  atmosphere  a  small  proportion  of 
very  fine  material,  all  of  which  was  — 200-mesh,  and  which 
represented  the  actual  quantity  not  accounted  for  between  the 
feed  and  the  discharge.  On  account  of  the  fineness  of  this 
dust,  this  must  be  charged  to  the  — 200-mesh  material  in  the 
screen-analysis  of  the  dried  ore.  The  results  of  this  test  are 
as  follows : 

The  test  was  made  on  2,177  lb.  less  0.8  per  cent,  of  moisture, 
or  2,160  lb.  of  dry  ore,  of  which 

83.7  per  cent,  was  —  2-in.  ring  -f  0.25-in.  mesh. 
16.3  per  cent  was  —  0.25-in.  mesh  +  16-mesh. 
0  per  cent,  was  —  16-mesh. 

The  ore  discharged  from  the  drier  was  2,110  lb.,  with  negli- 
gible moisture-content,  showing  a  loss  of  50  lb.  of  ore  during  the 
test,  or  2.3  per  cent.,  w'hich  must  be  charged  against  the — 200- 
mesh  product.  This  loss  was  represented  by  the  fine  material 
carried  away  by  the  draft.  he  dry  ore  discharged  showed  as 
follows  : 
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Dry  Ore. 

Pounds. 

Interpolated  when  Adding 
Lossto— 16-MeBh  Product. 
Per  Cent.          Per  Cent. 

-f  0.25  in., 

.        1,611.0 

76.3 

74.4 

—  0.25  in. +  16-me8h, 

288.5 

13.7 

13.3 

—  16-me8h, 

210.5 

10.0 

12.3 

2,110.0 


100.0 


100.0 


From  the  above  data  it  will  be  noted  that  12.3  per  cent,  of 
the  total  ore  was  ground  into  sizes  finer  than  16  mesh  simply 
by  the  tumbling  action  taking  place  in  the  drier. 

A  screen-analysis  of  the  — 16-mesh  material  in  the  drier 
product  and  interpolated  with  the  loss  charged  to  — 200-mesh 
float,  as  well  as  this  screen-analysis  applied  to  the  total  dry 
ore,  shows : 


Screen-Analysis  on 
— 16-Mesh  Material 
of  Dried  Ore  with 
T.o«iof2.3  Per  Gent. 
Added  to  Float. 
Percent. 

Screen-Analysis  of 

Total  Ore  After 

Paissing  Drier. 

Per  Cent. 

+ 

0.25  in. 

74.400 

— 

0.25  in 

•  -f- 

16  mesh. 

13.3' 0 

11.74 

— 

16 

-i- 

20 

1.420 

10.17 

— 

20 

H- 

24 

1.240 

8.00 

— 

24 

-.- 

28 

0.970 

o..'^4 

— 

2S 

-f 

34 

0.650 

8.00 

— 

34 

+ 

42 

0.970 

6.^4 

— 

42 

-L- 

50 

0.790 

6.53 

— 

oO 

+ 

62 

0.797 

5.57 

— 

62 

+ 

74 

0.095 

4.78 

— 

74 

— 

86 

0.585 

9.30 

— 

86 

+  109 

1.146 

3.40 

— 

109 

-f  125 

0.422 

4.40 

— 

125 

+  150 

0.538 

7.03 

— 

150 

+  200 

0.862 

6.86 

— 

200 

grit 

0.838 

2.44 

— 

200 

float 

0.293 

XoTE  : — The  — 200-mesh  material  was  treated  in  an  up-cast,  dividing  the  prod- 
uct into  grit  and  float,  the  former  representing  a  good  table-feed,  while  the  latter 
con8i.(ited  of  real  slime,  difficult,  if  not  impossible,  to  treat  mechanically. 

From  the  above  screen-analysis  it  will  be  seen  that  the  drier 
acts  as  a  tumbling-mill,  reducing  a  considerable  proportion  of 
the  ore,  relieving  the  crushing-department  of  12.3  per  cent,  of 
the  work  it  would  othei:wi8e  be  called  upon  to  perform.  On 
the  face  of  things,  in  the  event  of  the  abraded  material  being 
recovered  and  not  lost  with  the  drier-gases,  this  action  might 
appear   to   be    advantageous.      The   abrading   action   of  the 
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drier,  however,  throws  at  least  0.3  per  cent,  of  the  total  ore 
into  a  product  which  becomes  practically  useless  from  a 
separating  point  of  view.  Since  in  the  test  all  the  original 
fines  had  been  eliminated  from  the  feed,  it  is  likely  that  the 
quantity  of  — 200  float  in  the  drier-discharge  is  more  nearly  1 
per  cent,  on  the  total  ore.  By  weight  this  is  not  so  serious, 
but  the  assay  of  these  products  shows  that  the  heaviest  abrad- 
ing efl^ect  takes  place  on  the  zinc.  It  was  found  that  with  the 
crude  ore  assaying  19.1  per  cent,  of  zinc,  the  abraded  or  — 16- 
mesh  portion  of  the  dried  product  as  discharged  from  the 
drier  showed  an  assay-value  of  29.4  per  cent,  of  zinc.  The 
— 200-me8h  material  contained  in  the  dry  ore  shows  a  zinc- 
value  of  26.1  per  cent.     We  have  then  as  follows : 

Pounds.  Percent. 
2,1(50  ®  19.1  =  412.5  lb.   of  zinc  in  ore. 
2,160  ^  12  3  =  266     lb.  of  ore-abraded  material. 
2ii6  @,  29.4  =    78.2  lb.  of  zinc  in  abraded  material. 
78.2 

=    18.9  per  cent,  of  zinc  abrasion. 

41 2.  o 

From  this,  the  abrading  effect,  while  the  ore  is  passing 
through  the  drier,  is  50  per  cent,  greater  on  the  zinc  mineral 
than  it  is  on  the  total  ore,  proclaiming  the  zinc  as  the  greatest 
sufferer. 

In  the  event  of  the  dust  thus  made  being  lost,  the  abrad- 
ing eflfect  of  the  drier  becomes  very  serious,  while  if  the  dust 
is  recovered  and  disposed  of  in  the  proper  places  in  the  system, 
this  eflfect,  while  not  to  be  particularly  desired,  does  not  repre- 
sent so  disadvantageous  a  factor. 

The  eflfect  of  the  drier-abrasion  will  be  pointed  out  more  in 
detail  in  recording  a  test  on  the  entire  reduction  and  dust-col- 
lecting portion  of  the  plant  in  question,  but  at  this  point  it 
may  be  well  to  point  out  three  ways  in  which  the  drier-abra- 
sion may  be  very  materially  reduced. 

(1)  Reducing  the  number  of  lifting-angles  in  the  shell, 
which  will  cut  down  the  number  of  times  the  ore  is  dropped. 

(2)  Increasing  the  pitch  of  the  shell  to  0.5  in.  per  foot,  from 
0.25  in.  This  will  cause  the  ore  to  travel  through  the  drier 
at  practically  double  the  speed. 

(3)  Introducing  both  No.  1  and  No.  2  methods  simultane- 
ously. 
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The  increased  pitch  of  the  drier-shell  would  result  in  a  larger 
capacity,  however,  at  the  expense  of  the  efficiency  of  the  ma- 
chine when  moisture  in  the  ore  runs  high. 

Recovery  of  Dust-Lossbs. 

This  particular  plant,  in  which  an  entirely  dry  process  was 
being  operated,  was  equipped  with  an  extensive  dust-system 
operated  by  two  45-in.  steel-plate  exhausters,  which,  by  suitable 
connections  and  draft-gates,  caused  a  slight  vacuum  in  the 
housing  of  all  crushing-machines,  as  well  as  at  all  points  where 
ore  was  handled,  such  as  in  the  boots  and  heads  of  elevators, 
chutes,  bins,  and  feeders.  In  this  manner,  with  a  properly  ad- 
justed suction-system,  any  dry-plant  can  be  kept  effectively 
clear  of  the  obnoxious  dust,  with  the  result  that  instead  of 
causing  injury  to  attendants  (by  either  the  danger  of  lead- 
poisoning  or  phthisis),  or  damage  to  shafting,  bearings,  pulleys, 
and  belting,  this  product,  which  is  in  most  instances  a  valu- 
able one,  is  collected  and  subject  to  treatment;  thus,  instead  of 
suffering  the  losses  as  pointed  out,  at  least  a  large  portion  of 
them  may  be  recovered.  The  dust  collected  throughout  the 
mill  was  discharged  into  a  centrifugal  dust-collector,  Fig.  1, 
which  was  at  first  operated  dry,  but  its  efficiency  was  not  as 
high  as  was  desired.  The  velocity  of  the  air  was  somewhat 
greater  than  that  which  would  have  permitted  practically  all 
of  the  dust  to  settle  out,  so  that  the  apparatus  under  such  con- 
ditions worked  as  a  very  excellent  separator,  inasmuch  as  the 
collected  product  was  of  a  gritty  texture,  even  though  practi- 
cally all  of  it  would  pass  through  a  200-mesh  screen.  Only  the 
very  finest  of  the  dust  passed  out  through  the  stack  of  the  col- 
lector, and  this  was  almost  pigment-like  in  physical  character- 
istics, resulting  in  no  gritty  feeling  whatever,  when  rubbed  be- 
tween the  fingers. 

This  type  of  dust-collector  we  have  used  with  considerable 
success  in  several  cases  where  very  much  larger  volumes  of  gas 
were  being  handled,  and  found  that  to  improve  the  efficiency 
the  introduction  of  very  fine  water-sprays  or  steam-jets  was 
most  effective.  The  steam  when  condensing,  or  a  very  finely 
divided  water-spray,  acts  as  a  powerful  scrubbing-agent,  wet- 
ting the  particles  of  dust,  thus  enabling  them  to  be  caught  by 
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the  film  of  water  on  the  sides  of  the  collector  when  the  cen- 
trifugal force  causes  them  to  impinge  against  it. 

To  improve  the  efficiency  of  this  dust-collector,  both  steam 
and  water  were  introduced,  using  for  this  purpose  a  portion  of 
the  exhaust  steam  from  the  main  engine.  This  was  delivered 
into  the  inflow-pipe  and  in  the  direction  of  the  flow  of  the  air, 
while  three  jets  of  water  divided  into  very  fine  sprays  by  means 
of  an  ordinary  garden-hose  nozzle  were  fitted  into  the  sides  of 
the  collector  about  on  a  level  with  the  center  of  the  inflow-pipe. 
The  bottom  of  the  collector  was  sealed  by  about  6  in.  of  water, 
and  all  of  the  product,  consisting  of  a  thin  sludge,  was  collected 
in  a  settling-tank  below,  from  which  the  excess  water  was 
allowed  to  run  to  waste.  The  eflfect  of  this  system  was  astound- 
ing, inasmuch  as  the  collection  of  the  dust  was  practically 
perfect,  the  air  issuing  from  the  top  of  the  collector  being 
barely  discolored  by  the  presence  of  any  solid  particles,  and 
all  efforts  at  collecting  such  escaping  dust  were  unsuccessful, 
even  by  filtering  through  cotton.  The  tank  collecting  the 
slimes  acted  as  a  thickener,  allowing  the  excess  water  to  over- 
flow, from  which  a  slime-table  feed  could  be  drawn,  while  the 
excess  water  could  either  be  returned  to  the  spray-nozzles  or 
be  permitted  to  flow  to  waste. 

For  the  purpose  of  collecting  the  drier-dust  losses,  the  drafl- 
fan  of  the  drier  was  by-passed  and  the  gas-outlet  equipped  with 
a  blast-gate  and  connected  with  a  large  chamber,  from  which 
the  exhausters  received  their  dust-laden  air.  All  of  the  dust- 
pipe  connections  throughout  the  plant  lead  to  this  central 
chamber,  which  for  lack  of  a  better  term  may  be  called  '*  the 
vacuum-box,"  and  which,  due  to  its  volume  and  the  consequent 
reduction  in  velocity  of  the  air  or  gas  passing  through  it,  per- 
mitted some  of  the  heavier  dust  to  settle. 

Test  of  Dust-Collecting  System. 
With  provision  thus  made  for  collecting  not  only  the  rela- 
tively small  quantity  of  mill-dust  but  also  the  large  amount  of 
ore  lost  in  the  drier-operations,  a  complete  test  of  the  drying- 
and  crushing-plant  with  dust-collecting  system  in  operation 
was  carried  out.  This  test  gave  some  rather  remarkable  and 
interesting  data,  and  fully  demonstrated,  not  only  the  extent 
to  which  milling-operations  may  suflfer,  due  to  a  loss  of  the 
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drier-  and  mill-dust,  but  also  the  value  of  a  simple  and  efficient 
dust-collecting  system.  The  draft  was  again  regulated  so  as 
just  to  prevent  the  escape  of  any  furnace-smoke  into  the  mill. 

Since  there  was  no  longer  any  appreciable  escape  of  valuable 
dust  possible,  such  material  as  was  not  accounted  for  by  the 
feed  to  the  table-department  could  only  distribute  itself  in 
three  different  products:  i.  e.j  vacuum-box,  dust-pipes,  and 
slime-box.  These  three  products  were  carefully  collected  and 
weighed  after  the  test,  everything  having  been  thoroughly 
cleaned  before  the  test  began.  These,  as  also  the  concentrator- 
feed,  were  carefully  sampled,  screen-analyzed,  and  assayed,  so 
that  a  full  and  complete  distribution  of  the  zinc  in  the  various 
products  could  be  arrived  at,  as  well  as  an  ultimate  screen- 
analysis  of  the  total  ore. 

In  the  screen-analyses  there  is  recorded  in  each  case  a  — 200 
grit  and  a  — 200  float-product.  These  figures  were  obtained 
by  agitating  the  — 200-mesh  material  in  each  case  in  a  beaker, 
while  at  the  same  time  a  small  stream  of  water  was  allowed  to 
flow  into  the  beaker,  thus  overflowing,  and  carrying  with  it 
the  finer  particles  of  the  — 200-me8h  product.  In  this  manner 
we  divided  this  product  into  what  might  properly  be  termed 
"grit"  and  "slime."  However,  the  action  was  more  intense 
than  it  would  be  in  a  settling-apparatus,  and  hence  shows  a 
slightly  higher  proportion  of  float  material  than  actually  exists 
in  the  crushed  ore. 

Seven  thousand  pound  of  crude  ore  was  weighed  out  and 
fed  through  the  Blake  crusher  to  the  drier,  which  crude  ore 
contained  0.7  per  cent,  of  moisture,  accounting  for  about  50  lb., 
which,  however,  is  not  taken  into  account  in  the  following 
figures,  since  the  factor  of  error,  in  weights,  collection  of  prod- 
ucts, and  observation,  is  probably  at  least  as  large  as  this 
moisture-factor. 

This  7,000  lb.  of  ore  was  distributed  in  the  four  products  as 
follows : 


Pounds. 

Per  Cent. 

Concentrator-feed,  . 

.       6,861 

83.6 

Vacuum-box, 

601 

8.6 

Suction-pipes, 

24 

0.84 

Slime-box, 

514 

7.34 

Table  I.  shows  the  distribution  of  the  ore,  by  weight,  in  the 
various  sizes  in  each  of  the  four  products,  and  the  assay-value 
of  zinc  in  each  of  the  products  resulting  from  the  screen- 
analysis.  •  r-^  T 
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Table  I. — Perrentaf/e- Weight  and  Value  of  Ore  in  Various 
Sizes  of  Each  Product. 


Slime-Boz. 


16  + 

20.. 

20  + 

24.. 

24  + 

28.. 

28  + 

34.. 

34  + 

42.. 

42  + 

60.. 

50  + 

62.. 

62  + 

74.. 

74  + 

86.. 

86  +  109.. 

109  +  125.. 

125  + 

150.. 

150  +  200.. 

200  Grit 

200  Float... 

In  order  that  a  complete  screen-analysis  of  the  combined 
products,  as  well  as  a  distribution  of  the  actual  zinc-content 
of  the  ore  in  the  various  products,  may  be  obtained.  Table  IT. 
was  prepared,  showing  actual  distribution  by  weight  of  the 
material  and  the  zinc-content,  from  which  is  calculated  the 
average  zinc-analysis  of  each  of  the  four  products  made. 

Table  II. — Actual  Weight  and  Values  of  Ore  in  Varioics 
Sizes  of  Each  Product, 


Concentrator- 
Feed. 

Vacuum 

-Box. 

Suction-Pipes. 

1 
Pounds.     Zn. 

Slime-Box. 

Total. 

Pounds. 

1 

Zn.    Pounds. 

Zn. 

Pounds. 

Zn. 

Pounds      Pounds 
Ore.            Zn. 

+    20 

1,112 

156 

1,112             156 

-r    24 

045       111.5i 

645             111.50 

+    28 

551    1    98. C 

551                9.^.60 

-f    34 

3c>3 

71 

363                71 

+    42 

4«0 

92 

3 

0.35 

483                92.85 

-f    50 

410 

78.3 

10.5 

1.61 

420.5             79.91 

+    GO 

851 

72.2 

22.5 

4.27 

873.5            76.47 

-f    74 

I        270 

68.8 

43.5 

9.05 

313.5            67.85 

+    86 

1        176 

37.5 

64.6 

14.47 

1 

241.6            61.97 

+  109 

375 

77.2     150.4 

30.90 

j 

5'25.4          117,10 

+  120 

141 

28.3'      48.— 

12.90 

36 

6.65 

225                47.90 

-r  150 

141 

28.71      48.— 

12.34 

1.20       0.252 

26.70 

5.52 

215.9      1      46.81 

4-  200 

199 

43.3       87.1 

20.72 

1.92       0.403 

64.20 

14.(3 

\io2/22     >      79.05 

—  200Gr. 

372 

77.8 

67.8 

18.54 

13.89     ;  2.686 

67.— 

11.9.5 

510.69         110.97 

-200  Fl. 

'        273         46.7 

5.5.4 

11.81 

C.96    '  1.275 

1 

331 

64.8.3 

66<).36         124.63 

6.998.67     1,382.11 

[14] 

« 

Digitize 

dbyGooQle 

ABRASION    AND    DUST-LOSSES    IN    ORE-DRYING.  731 

The  average  of  the  heads  is  19.01  per  cent,  of  zinc  by  calcu- 
lation. From  the  above  data  we  then  have  the  zinc-distribution 
in  the  various  products  as  follows : 

. — Zinc  Distribution. — . 


Pounds.    Per  Cent.     Pounds  Zinc. 

PerCen 

Concentrator-feed,     . 

.       5,861(^;18.4    -r  1,077.5 

81 

Vacuum-box,    . 

601  fi~  24.3    =    146 

10.93 

Suction-pipes,  . 

24(^.19.23=        4.62 

0.35 

Slime-box, 

514  r^,  20.15=    102.9 

7.73 

1,331.02 
Crude  ore,    ....         7,000  (^  19.01  =  1,330.7  100 

The  reasonable  correctness  of  these  data  is  proved  by  the 
assay-value  of  each  of  these  products  on  the  original  samples, 
from  w^hich  we  have  to  note  the  following  comparison : 


Product. 

Assay  from  Sample. 
Per  Cent,  of  Zinc. 

Assa^ 
Per 

r  by  Calculation, 
Cent,  of  Zinc. 

Sizer-feed, 

18.7 

18.4 

Vacuum-box,      . 

24.7 

24.3 

Sdction-pipes,     . 

19.4 

19.23 

Slime-box, 

20.3 

20.15 

From  the  above  data  it  is  possible  to  set  up  a  combined 
screen-analysis  as  well  as  the  zinc-distribution,  and  also  the 
calculated  zinc-assay  of  each  of  the  products  in  the  combined 
screen-analysis,  as  shown  in  Table  III. 

Table  III. — Combined  Screen-Analysis  and  Zinc-Distribution. 


size 

'   QuanUty  by  Weight 
in  Products. 

1                                      1 

Quantity  of  Total 

Zinc- Assay  of  Each 
Proauct. 

Zinc  in  Each  Product. 

Per  Cent.            1 

Per  Cent. 

Per  Cent. 

-    16  -f-    20 

15.9 

11.72 

14.1 

-    20  +    24 

9.22 

8.38 

17.3 

-    24  +    28 

7.86 

7.40 

17.9 

—    28-1-    34 

5.18 

5.33 

19.6 

—    34  +    42 

6.90 

6.93 

19.15 

—    42  -♦-    50 

6.01 

6.— 

19.03 

—    60  -h    60 

5.33 

5.73 

20.46 

—    60  -h    74 

4.48              1 

1               5.10 

21.67 

—    74-1-    86 

3.44             ' 

'                3.90 

21.60 

—    86-1-  109 

...|                7.51 

1                8.79 

22.30 

—  109  4-  126 

3.21 

'                3.60 

21.32 

—  125  -1-  150 

3.08 

3.52 

21.70 

—  !50+  200 

...j               5.03 

5.93 

22.47 

—  200  Grit 

...                7.28 

1                8.33 

21.72 

—  200  Float 

...1               9.52 

1               9.36 

18.71 

[3 

[5] 

Digitized  by  GoOQIc 

732  ABRASION   AND    DUST-LOSSES    IN    ORE-DRYING. 

A  comparison  of  the  actual  weight  of  zinc  in  each  of  the 
screen-products  of  the  calculated  combined  screen-analysis  of 
all  of  the  products,  and  the  actual  weight  of  zinc  contained  in 
the  screen-products  of  the  vacuum-box,  suction-pipe,  and  slime- 
box  material  taken  together,  gives  the  percentage  of  total  zinc 
which  did  not  directly  reach  the  concentrating-department,  but 
which  was  withdrawn  during  the  drying-  and  crushing-opera- 
tions, and  collected  separately  in  the  three  products  mentioned. 


Loss. 

Concentrator-Feed. 

Pounds  Zinc. 

Pounds  Zinc. 

Per  Cent. 

-  16-h 

20 

J  56 

-  20  + 

24 

111.5 

-  24 -f 

28 

98.6 

-  28-f 

34 

71 

-34-1- 

42 

92.3;3 

0.35 

0.3S 

-  42  + 

50 

79.91 

1.61 

2.02 

—  oU  + 

62 

76.47 

4.27 

5.58 

—  62  + 

74 

67.85 

9.05 

13.33 

-74  + 

8'j 

51.97 

14.47 

27.8.S 

—  86  + 

109 

117.10 

39.90 

34.10 

—109  + 

12o 

47.90 

19.60 

40.80 

—120  + 

150 

46.81 

18.11 

38.70 

—1.50  +  200 

79.05 

.35.75 

45.20 

—200 

235.60 

111.10 

47.20 

Of  the  total  ore  fed  to  the  drier,  but  83.0  per  cent,  by  weight 
directly  reached  the  concentrating-department,  containing  but 
81  per  cent,  of  the  total  zinc  in  the  ore.  On  the  whole,  there 
is  no  material  effect  in  the  direction  of  concentration  by  the 
drying  and  crushing  action,  but  individually  the  three  sepa- 
rately-collected products  show  marked  tendencies  in  this  re- 
spect. Particularly  is  this  true  of  the  vacuum-box  product,  in 
which  a  relatively  larger  proportion  of  the  total  zinc  was 
recovered  than  of  the  ore,  showing  the  zinc  somewhat  concen- 
trated in  this  material.  The  suction-pipe  and  slime-box  prod- 
ucts do  not  greatly  vary  from  the  assay-value  of  the  original 
ore. 

Drier-dust  losses,  as  well  as  such  products  as  are  withdrawn 
from  the  mill  by  means  of  the  suction-system,  are  usually 
charged  against  slimes;  and  in  the  event  of  a  complex  ore  are 
frequently  considered  as  having  been  fortunately  disposed  ©f, 
since  further  treatment  is  difficult,  if  indeed,  in  some  cases,  not 
quite  impossible.     That  such  losses  cannot  be  charged  against 

[16] 
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Fig.  1. — DusT-Ct)LLF.CTOR  IX  Dry  Operation.     Note  the  slight 

DISCOLORATION   OF  THE  OUTLET    AIR   AT   TOP   OF  STACK. 


[17] 


Digitized  by 


Google 


734 


ABRASION    AND   DUST-LOSSES   IN    ORE-DRYING. 


O 


I 


Ex, 

I 

O 


O 


> 


C4 


[18] 


Digitized  by 


Google 


ABRASION   AND    DUST-L0SSB3   IN    ORB-DRTING. 


736 


[19] 


Digitized  by 


Google 


736  ABRASION   AND    DUST-LOSSES   IN    ORE-DRYING. 

the  slimes,  is  demonstrated  by  the  screen-analyses  of  the  vari- 
ous products,  which  are  graphically  represented  in  Fig.  2* 
The  legend  identifies  the  curves,  in  addition  to  which  each 
curve  is  captioned.  The  screen-analysis  of  each  product  is- 
shown,  as  well  as  a  curve  showing  the  screen-analysis  in 
cumulative  percentage.  Certain  conditions  as  revealed  by 
these  curves  deserve  special  attention.  The  difterence  in  the 
screen-analysis  between  the  crude  ore  fed  to  the  drier  and  that 
going  to  the  concentrating-department,  as  shown  by  the  length 
of  the  ordinates  between  these  two  curves,  is  to  be  especially 
noted.  These  two  curves  cross  at  a  point  represented  by  a 
screen  of  about  65-me8h,  the  coarser  products  being  in  larger 
proportion  in  the  screen-analysis  of  the  concentrator-feed,  while 
the  products  finer  than  65-mesh  are  heavier  in  the  crude  ore,, 
due,  of  course,  to  the  suction-action  caused  primarily  by  the 
drier-draft,  assisted  to  a  small  extent  by  the  general  dust^suo- 
tion  system  throughout  the  plant.  A  distinct  gradation,  by 
size,  is  noted  through  the  various  products  to  the  slime-box 
material,  the  latter  showing  by  far  the  largest  proportion  of 
— 200-mesh  material.  Each  of  these  screen-analyses  is  also 
represented  by  a  cumulative  percentage-curve,  which  shows  the 
relative  fineness  of  the  product  it  represents  by  the  rapidity 
with  which  it  rises  as  the  sizes  become  finer.  Thus  the  curve 
representing  the  cumulative  percentage  of  the  screen-products 
in  the  concentrator-feed  is  the  most  nearly  horizontal,  while  the 
curve  representing  the  cumulative  percentage  of  the  screen- 
analysis  of  the  slime-box  product  is  the  most  nearly  vertical. 

The  most  important  collected  product  to  be  dealt  with  ia 
that  which  settled  in  the  vacuum-box,  and  which  by  its  screen- 
analysis  shows  but  20.5  per  cent,  finer  than  200-mesh,  of  which 
about  one-half  is  still  of  a  gritty  character,  and  represents  a 
good  concentrator-feed.  That  the  minimum  draft  of  this  par- 
ticular drier  is  sufficient  to  cause  very  serious  losses  is  evi- 
denced by  the  fact  that  the  vacuum-box  product  contains 
particles  as  coarse  as  34-me8h,  and  a  very  heavy  percentage  of 
this  total  product  lies  between  80-  and  100-mesh  screen.  This 
material  is  in  excellent  form  for  further  treatment,  and,  if 
permitted  to  escape  into  the  atmosphere  with  the  drier- 
smoke,  entirely  aside  from  the  fact  that  it  carries  concentrated 
zinc-values,  would  spell  a  loss  which  no  milling-operation  caa 
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sufter  without  very  seriously  impairing  its  commercial  possi- 
bility. 

In  Fig.  3  are  shown  graphically  the  zinc-assay  values  of  the 
Bcreen-sizes  of  all  five  products  under  consideration,  as  well  as 
two  curves  giving  the  cumulative  percentage  of  the  zinc  in  the 
various  screen-sizes  of  the  drier-feed  and  the  ore  which  directly 
reaches  the  concentrating-department.  The  sectioned  area  be- 
tween these  two  cumulative  percentage-curves  directly  repre- 
sents the  percentage  of  total  zinc  lost  as  the  grades  grow  finer, 
resulting  in  a  total  loss  of  19  per  cent,  of  the  zinc  by  the  dry- 
ing- and  crushing-operations.  The  latter,  however,  are  only  a 
very  small  factor  in  the  total. 


^'    a)   au   40    so   oo   70   so   00  100  110  120  ido  uo  iso  itt>  m  ibo  190  200 
MESHES  PER  LINE/^R  INCH 

Fig.  4. — Ccbve  Showing  Pbb  Cent,  of  Zinc-Content  Withdrawn  during 
THE  Drying-  and  Crushing-Operations,  Based  on  the  Total  Ore. 

The  narrow  sectioned  area  between  the  curves  representing 
the  zinc-assays  of  the  screen-sizes  in  the  drier-feed,  as  against 
that  going  to  the  concentrating-department,  shows  the  loss  in 
assay-value,  due  to  the  concentrating  effect  caused  by  the  draft, 
which  in  turn  is  represented  by  the  higher  zinc-assay  value  of 
the  screen-sizes  from  the  vacuum-box  product.  The  slime-box 
product  shows  much  the  same  value  as  the  crude  ore,  while  the 
zinc-content  of  the  suction-pipe  product  is  somewhat  lower. 

In  Fig.  4  is  shown  a  curve  which  represents  the  percentage 
of  the  zinc  in  each  screen-product  of  the  total  ore  withdrawn 
during  the  drying-  and  crushing-operations.  It  is  to  be  noted 
that  this  action  does  not  begin  on  particles  coarser  than  a  84- 
mesh  screen,  but  from  this  point  to  86-mesh  the  loss  increases 
rapidly,  after  which  the  increase  in  loss  is  more  gradual,  still 
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rising,  however,  until  on  the  — 200-me8h  material  a  total  loss 
of  47.2  per  cent,  of  the  zinc  is  suffered. 

The  fact  that  such  a  relatively  large  percentage  of  the  mate- 
rial withdrawn  from  the  drier  by  the  draft  is  not  in  slime  con- 
dition, is  very  satisfactory,  since  it  permits  of  collecting  this 
dust  in  a  simple  manner,  it  to  be  returned  to  the  system  just 
before  reaching  the  concentrating-department.  Thus  a  mate- 
rial percentage  of  the  total  ore  by-passes  the  crushing-depart- 
ment. 

The  economical  collection  of  these  fugitive  values  is  already 
demonstrated  and  can  be  made  a  part  of  every  dry-milling 
operation  at  very  little  installation-cost,  while  the  operating- 
cost  is  so  low  as  to  be  almost  negligible  in  comparison  with 
the  benefits  derived. 
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A  New  Electric  Miners'  Lamp. 

BY  D.    B.   RUSHHORE,   SCHENECTADY,    N.    Y. 
(New  York  Meeting,  February,  1912.) 

Torches  were  used  by  the  early  Romans  for  mine-lighting, 
and  these  were  followed  by  open  lamps  or  earthen  jars  filled 
with  tallow  or  oil,  and  later  by  candles.  In  early  coal-raining, 
explosive  gases  seldom  occurred,  and,  if  they  were  encoun- 
tered, the  danger  of  explosion  was  materially  diminished  by 
the  absence  of  any  ventilating-system  and  the  consequent  in- 
sufficient circulation  of  air  to  form  with  the  methane  an  explo- 
sive mixture. 

As  the  art  advanced,  the  danger  of  fire-damp  became  more 
apparent,  and  methods  for  testing  the  air  were  resorted  to  as 
early  as  in  the  fifteenth  century.  The  method  of  testing  con- 
sisted in  lowering  a  dog  in  a  basket  down  the  shaft.  As  soon 
as  he  encountered  fire-damp  he  would  commence  to  howl,  after 
whicVi  he  was  withdrawn,  and  a  leafy  bush  was  fastened  to  the 
end  of  the  rope  and  run  rapidly  up  and  down  the  shaft.  This 
so  disturbed  the  accumulation  of  gas  as  to  cause  it  to  rise  out  of 
the  shaft.  Later  this  odd  method  of  testing  was  improved 
upon  through  the  discovery  that  a  light  inserted  in  a  body  of 
fire-damp  would  produce  a  blue  flame.  Candles  were  used  for 
this  purpose,  and,  when  fire-damp  was  thus  discovered,  brush- 
ing or  some  other  primitive  method  of  fanning  was  resorted  to 
for  driving  out  the  gas.  In  some  instances  the  gas  was  burned 
away,  regardless  of  the  danger  thereby  incurred.  A  man,  wear- 
ing a  well-moistened  coat  and  a  mask  with  glass  spectacles, 
descended  in  the  mine  a  few  hours  before  each  shift.  With  a 
long  stick,  to  which  was  fastened  a  burning  torch  or  candle,  he 
would  crawl  on  the  floor  with  the  stick  so  raised  that  the  light 
would  sweep  the  roof  and  ignite  the  gas  which  it  encountered. 
In  this  position  the  flame  of  the  explosion  would  pass  over  him, 
after  which  he  would  retreat  from  the  gases  resulting  from  the 
combustion.     The  occurrence  of  serious  accidents  resulted  in 
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the  substitution  of  a  method  by  which  the  candle  was  moved 
along  the  headings  by  means  of  an  endless  rope,  which  was 
supported  on  pulleys  near  the  roof  and  could  be  operated  from 
a  safe  point. 

In  1815  Davy  invented  the  safety-lamp  which  bears  his  name 
and  the  principle  of  which  is  embodied  in  the  numerous  safety- 
lamps  of  later  inventors.  Although  many  improvements  have 
been  made  in  the  safety-lamp,  it  is  still  far  from  perfect;  and 
the  present  indication  is,  that,  in  order  to  obtain  a  perfectly 
safe  and  reliable  lamp,  the  electric  light  must  be  resorted  to. 

In  metal-mines,  and  even  in  coal-mines  where  the  gases  con- 
tained in  the  atmosphere  are  sufficiently  diluted  to  render  them 
harmless,  illumination  may  be  had  by  any  form  of  naked  light. 
But  in  collieries  where  considerable  quantities  of  fire-damp  and 
coal-dust  are  liable  to  collect,  the  lamp-flame  must  be  protected 
from  direct  contact  with  the  gas,  and  it  becomes  necessary  to 
use  some  sort  of  safety-lamp. 

The  most  common  of  all  miners'  lamps  is  the  small  tin  lamp 
wliich  generally  is  carried  on  the  miner's  cap.  A  cotton  wick 
extends  through  the  spout  into  the  fluid,  which  is  generally 
some  kind  of  petroleum-product.  While  this  lamp,  when 
trimmed  and  kept  in  order,  gives  a  fairly-good  light,  the  objec- 
tions to  its  use  are  many.  The  almost  continuous  smoking 
seriously  impairs  the  purity  of  the  air  and  thus  handicaps  the 
miner  in  his  work.  It  is  easily  blown  out  by  blasts  and  drafts. 
The  leakage  of  oil  from  the  lamp  is  a  constant  annoyance,  and 
the  time  required  for  refilling  and  trimming  the  lamp  is  con- 
siderable. 

The  acetylene  lamp,  used  to  a  considerable  extent  in  a  num- 
ber of  mines,  is  a  marked  improvement  on  the  oil-lamp.  Not 
only  is  the  illumination  materially  better,  but  the  smoking  and 
leakage  of  the  oil-lamp  are  practically  eliminated.  The  diffi- 
culties of  handling  seem,  however,  to  have  prevented  its  gen- 
eral adoption. 

In  mines  liable  to  the  intrusion  of  excessive  amounts  of  fire- 
damp, safety-lamps  must  be  used,  either  exclusively,  or  for  pur- 
poses of  inspection,  preliminary  to  the  removal  of  the  gas. 
Several  types  of  safety-lamps  of  more  or  less  ingenious  design 
have  been  placed  on  the  market  and  are  in  actual  use  in  the 
various  gaseous  coal-mines. 
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The  Davy  is  an  ordinary  oil-lamp,  the  flame  of  which  is  sur- 
ronnded  by  a  cylinder  of  wire  gauze,  with  a  top  of  the  same 
material.  The  principle  of  this  lamp  is  that  the  cooling  eifect 
of  the  wire  gauze  prevents  the  propagation  of  the  flame  from 
the  inside  of  the  lamp  to  the  outside  atmosphere.  After  the 
lamp  has  been  filled  with  oil  and  lighted,  it  is  locked,  so  as  to 
prevent  the  miner  from  having  access  to  the  flame,  the  wick  of 
which  is  trimmed  by  a  wire  passing  up  through  a  close-fitting 
tube  from  the  bottom. 

The  Clanny  lamp  is  similar  to  the  Davy,  with  the  exception 
that  the  lower  portion  of  the  wire-gauze  cylinder  is  replaced  by 
a  short  glass  cylinder,  giving  a  somewhat  better  illumination. 

Stephenson's  lamp  has  a  long  cylinder  of  glass  surrounded 
by  wire  gauze,  and  bonneted  above  by  perforated  copper.  The 
air-feed  is  also  through  the  gauze,  going  underneath  and  into 
the  cylinder  to  the  flame,  thence  out  of  the  top  as  usual.  This 
keeps  both  cylinder  and  gauze  cool,  and  its  relative  security 
rests  essentially  on  the  regularity  of  the  draft,  for  if  the  inside 
air  becomes  overheated  the  light  goes  out ;  so  it  must  be  sus- 
pended properly. 

The  Marsaut  lamp  is  an  improvement  upon  the  Stephenson 
type,  and  can  safely  stand  a  fair  amount  of  tilting.  A  great 
<iifl5culty  is,  however,  experienced  in  relighting  it,  and  from 
the  winding  path  pursued  by  the  feed-air,  proper  circulation 
does  not  take  place  until  the  lamp  gets  hot. 

The  Hepplewite-Gray  lamp  admits  the  air  at  the  top,  down 
four  tubes,  and  through  an  annular  chamber  above  the  oil- 
vessel.  The  only  gauze  employed  is  that  covering  the  outlet 
and  the  annular  inner  chamber.  A  serious  difficulty  with  this 
lamp  is  its  liability  to  be  extinguished  when  suddenly  lowered. 

In  the  Dick  port-hole  lamp,  the  air  enters  the  lamp  above 
the  case,  passes  through  the  gauze,  then  descends  to  the  flame, 
while  the  products  of  combustion  rise  inside  the  lamp,  to  be 
emitted  through  circular  holes  at  the  top  of  the  bonnet.  The 
bonnet  is  made  of  a  seamless  steel  tube,  and  is  light  and  strong. 

The  Wolf  benzine  safety-lamp  *  is  a  departure  from  the  above 
safety-lamps  in  that :  (1)  it  burns  benzine  or  naphtha;  (2)  it 
contains  a  self-igniter  which  permits  the  relighting  of  the  lamp 

1  Trans.,  xiii.,  129  to  132  (1884-86)  ;  xiv.,  410  to  418  (1885-86). 
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60  times  without  opening;  and  (3)  it  contains  a  locking-device 
which  cannot  be  opened  except  by  the  use  of  an  exceedingly 
powerful  magnet. 

While  the  safety-lamp  possesses  great  value  as  a  gas-detector, 
it  is  open  to  several  serious  objections.  The  first  is  the  possi- 
bility that  the  gas,  entering  the  lamp,  and  burning  inside  the 
cylinder,  may  overheat  the  gauze,  which  will  then  permit  the 
flame  to  pass  through  it.  Several  types  of  lamps,  however,  are 
arranged  to  be  self-extinguishing  in  case  of  ignition  of  gas  in- 
side the  gauze.  This  is,  of  course,  objectionable,  as  it  will 
leave  the  men  in  darkness  when  such  a  danger  occurs.  The 
temptation  of  the  miners  to  relight  extinguished  lamps,  or  open 
them  for  lighting  pipes,  etc.,  is  very  great,  and  has  in  many 
instances  resulted  in  serious  explosions.  Finally,  the  illumi- 
nating-power of  the  lamps  is  very  low. 

For  the  above  reasons  safety-lamps  of  the  ordinary  type  are 
being  replaced  in  many  localities,  especially  in  bituminous  coal- 
mines, by  portable  incandescent  electric  lamps.  This  type 
offers  numerous  advantages:  increased  safety  in  explosive 
atmospheres ;  increased  illumination,  ability  to  concentrate  the 
light  on  a  certain  area,  reliability  and  simplicity,  elimination  of 
smoke,  cleanliness,  smaller  fire-risk,  etc. 

An  objection  often  raised  against  the  electric  lamp  is  that  it 
offers  no  means  of  indicating  the  presence  of  fire-damp.  Sev- 
eral devices  have  been  proposed,  such  as  providing  spiral  wires 
coated  with  salts  of  platinum,  etc. ;  but  there  seems  to  be  at 
present  no  really  satisfactory  solution  of  this  difliculty,  although 
there  is  no  reason  why  a  solution  should  not  be  expected.  To 
attempt  to  find  a  satisfactory  fire-damp  indicator  is,  however, 
merely  to  delay  the  general  introduction  of  electric  lamps;  and 
there  seems  to  be  no  real  necessity  for  such  an  addition  to  a 
miner's  lamp.  The  fire-damp  detector  might  well  be  an  en- 
tirely separate  instrument,  which  could  be  installed  in  places 
where  the  fire-damp  is  expected  to  form  first,  such  as  near  the 
roof,  or  in  cavities  therein.  There  is  no  reason  why  one  or 
more  gauze-lamps  should  not  be  supplied  with  each  batch  of 
electric  lamps,  and  hung  in  the  working-place  where  they  can 
be  easily  seen,  and  where  any  outburst  of  gas  would  be  most 
Ukely  to  occur. 

Numerous  electric  mining-lamps  have  been  designed,  but  few 
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have  proved  efficient  and  durable.  The  design  in  the  United 
States  and  abroad  has  followed  very  diiFerent  lines.  In  Europe 
the  hand-lantern  has  been  almost  exclusively  considered,  while 
the  tendency  here  has  been  towards  the  perfecting  of  a  combined 
hand-lantern  and  head-light.  This  is  the  logical  result  of  the 
fact  that  the  most  satisfactory  working-results  can  be  obtained 
by  a  head-light,  whose  reflector  concentrates  and  throws  the 
light  in  the  direction  in  which  the  miner  works. 

A  new  electric  miners'  lamp  of  improved  design  has  recently 
been  developed  by  the  General  Electric  Co.  to  meet  the  in- 
creasing demand  for  a  safe  and  reliable  lamp.  The  idea  of  a 
systematic  investigation  as  to  the  possibilities  of  developing 
such  a  lamp  originated  with  W.  J.  Richards,  vice-president 
and  general  manager  of  the  Philadelphia  &  Reading  Coal  & 
Iron  Co.,  to  whom  credit  is  due  for  his  very  active  assistance. 

The  lamp  is  of  the  combination  hand-lantern  and  head-light 
type,  and  consists  of  a  miniature  tungsten  lamp-unit,  operated 
from  a  light  storage-battery.  The  lamp  is  provided  with  an 
efficient  reflector,  designed  to  illuminate  a  9-ft.  circle  at  a  dis- 
tance of  4  ft.  from  the  lamp,  and  photometric  records  show 
about  2.5  or  3  candle-power  at  a  distance  of  2  ft.  The  battery 
has  a  capacity  of  5  ampere-hours,  and  is  of  suflieient  size  to 
operate  a  lamp  from  12  to  14  hours. 

When  used  as  a  head-light,  the  lamp,  with  its  reflector,  is 
fastened  to  the  miner's  cap,  and  connected  by  means  of  a  flexi- 
ble cord  to  the  battery,  which  is  carried  on  a  belt  or  from 
shoulder-straps,  as  shown  in  Fig.  1.  When  used  as  a  hand- 
lantern.  Fig.  2,  tVie  lamp-socket  is  removed  from  the  cap-recep- 
tacle and  inserted  into  the  receptacle  on  the  side  of  the  battery, 
simply  taking  the  place  of  the  cable-attaching  plug. 

Some  of  the  important  points  in  connection  with  this  design 
are :  substantial  construction ;  light  weight  and  compactness ; 
complete  inclosure  of  all  conducting  parts ;  use  of  an  absorbent 
for  the  electrolyte,  to  prevent  spilling;  small  number  of  mov- 
able contacts;  increased  efficiency  of  a  4-volt  lamp;  efficiency 
of  the  reflector;  impossibility  of  charging  with  reversed  polar- 
ity; instant  convertibility  from  hat-lamp  to  hand-lantern. 
These  features  will  be  considered  in  the  order  in  which  they 
have  been  mentioned. 

Special  care  has  been  taken  to  select  all  materials  used  in 

[5] 

Digitized  by  VjOOQ IC 


744  A    NEW    ELECTRIC    MINERS*    LAMP. 

the  construction  to  withstand  the  hard  service  to  which  this 
lamp  may  be  subjected.  The  steel  battery-case  is  drawn  from 
a  single  plate  and  is,  therefore,  seamless.  The  battery-jar  is 
not  of  the  brittle  rubber  commonly  used,  but  has  some  elasticity 
left  in  it,  so  that,  should  the  steel  case  receive  a  blow,  there  is 
little  chance  of  the  battery-jar  being  cracked.  The  cord  from 
the  battery  to  the  lamp  is  metal-armored  where  the  greatest 
wear  and  strain  occur,  but  perfectly  flexible  where  flexibility  is 
required.  The  battery-case  is  locked  with  a  magnetic  lock 
which  also  locks  the  attaching-plug  in  the  receptacle,  thus 
preventing  this  plug  from  working  loose  and  permitting  the 
formation  of  a  spark.  The  hat-lamp  is  sealed  with  a  lead  seal, 
which  must  be  broken  before  the  miniature  lamp-globe  can  be 
removed. 

This  outfit  has  been  designed,  as  already  explained,  for  use 
as  a  head-  as  well  as  a  hand-light,  and  therefore  the  weight 
of  the  battery,  which  must  be  carried  on  a  belt,  in  the  pocket, 
or  by  shoulder-straps,  has  been  kept  at  a  minimum  consistent 
with  strength  and  durability.  The  battery  is  flat  and  com- 
pact in  order  that  it  may  lie  as  close  as  possible  to  the  body. 
It  weighs  approximately  3  lb.  and  measures  6J  by  4f  by  1\ 
inches. 

In  order  to  prevent  accidental  short-circuits,  causing  sparks, 
all  live  parts  are  totally  inclosed  in  molded  compound.  The 
battery-terminals,  attaching-plug,  hat-receptacle,  and  lamp- 
holder  are  all  molded  from  hard  fire-  and  acid-proof  compound 
and  thus  perfectly  protected  from  corrosion  due  to  acid  spray 
or  gases. 

An  absorbent  is  used  for  separating  the  battery-plates  and 
also  filling  up  the  extra  space  in  the  battery,  except  the  mud- 
space.  This  absorbent  acts  like  a  sponge  and  holds  the  elec- 
trolyte in  the  battery  even  though  it  be  inverted  for  some  time. 

Where  low  voltages  are  ust^d,  the  pressure-drop  caused  by 
the  contact-resistance  may  be  serious.  The  movable  contacts 
in  this  lamp  have,  therefore,  been  reduced  to  a  minimum  and 
have  been  so  designed  that  they  come  together  with  consider- 
able pressure. 

The  increased  efficiency  and  life  of  the  apparatus  is  princi- 
pally due  to  the  improved  tungsten  lamp.  A  2-volt  lamp  is 
somewhat  ineflicient  and  has  a  comparatively  short  life.     This 
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Fig.  ].— Electric  Miners'  Lamp  Used  as  a  Head-Lioht. 


Fig.  2. — Elkctuic  Miners'  Lamp  Used  as  a  Hand-Lantern. 
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is  due  to  the  cooling  effect  of  the  large  leading-in  wires  on  the 
short  filament.  This  cooling  by  conduction  reduces  the  tem- 
perature of  about  one-third  to  one-half  of  the  filament  to  a 
point  where  little  or  no  light  is  produced.  In  order  to  pro- 
duce the  rated  candle-power,  the  rest  of  the  filament  must  be 
operating  at  a  temperature  far  above  a  safe  value,  with  a  con- 
sequent unreliability  and  shortening  of  life.  The  filament  of 
the  4-volt  lamp,  for  which  this  outfit  is  designed,  is  about  twice 
as  long  as  a  2-volt  filament,  so  that  the  percentage  of  length 
cooled  by  the  leading-iu  wires  in  a  4-volt  lamp  is  about  one- 
half  that  in  a  2-volt  lamp.  This  allows  the  rest  of  the  filament 
to  be  operated  at  a  safe  temperature,  giving  a  reliable  lamp  of 
long  life.  The  filament  is,  however,  not  so  long  as  to  cause 
mechanical  weakness. 

The  reflector  is  made  of  stamped  steel,  enameled  both  in- 
side and  outside,  thus  absolutely  protecting  it  from  corrosion. 
Tests  have  shown  that  white  porcelain  enamel  forms  one  of  the 
best  possible  reflectors,  and  is  very  durable  and  easy  to  keep 
clean.  The  lamp-globe  is  protected  from  injury  by  a  glass 
plate,  fastened  to  the  rim  of  the  reflector  by  a  spring.  This 
glass  further  tends  to  prevent  dust  from  accumulating  on  the 
inside  of  the  reflector. 

The  contacts  on  the  battery-terminal  and  plug  are  made 
concentric,  so  that,  no  matter  how  the  plug  is  put  in,  the 
polarity  must  be  the  same  each  time.  A  separate  plug  is  sup- 
plied for  use  in  charging,  and  can  be  wired  permanently  on 
the  charging-rack  with  its  polarity  correct.  It  will  then  be 
impossible  to  charge  the  battery  from  this  plug  with  reversed 
polarity. 

AVhile  the  demand  for  an  electric  mine-lamp  seems  to  be 
almost  entirely  for  one  to  be  worn  on  the  cap,  to  supersede  the 
present  oil-lamp,  it  appeared  very  desirable  to  have  an  outfit 
that  could  quickly  and  readily  be  converted  into  a  hand-lantern. 
This  has  been  accomplished  by  designing  the  lamp  so  that, 
by  a  quarter-turn,  it  can  be  removed  from  the  hat-receptacle 
and  inserted,  by  a  quarter-turn,  into  the  plug-receptacle  on  the 
side  of  the  battery. 
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An  Early  Discovery  of  Fullers'  Earth  in  Arkansas. 

BY  J.  C.  BRANNER,  STANFORD  UNIVERSITT,  CAL. 
(New  York  Meeting,  Febraary,  1912.) 

During  the  past  two  or  three  years  I  have  seen  statements 
regarding  the  first  discovery  of  fullers'  earth  in  this  country 
that  seem  to  require  correction  or  modification.  One  appears 
again  in  the  Mineral  Resources  of  the  United  States  for  1909,  part 
n.,  p.  738,  where  it  is  said  that  **  fullers'  earth  was  first  dis- 
covered in  the  United  States  at  Quincy,  Fla.,  in  1893." 

In  this  connection  the  following  bit  of  unpublished  history 
concerning  fullers'  earth  in  the  State  of  Arkansas  is  worthy  of 
attention. 

In  April,  1891,  when  I  was  State  Geologist  of  Arkansas,  a 
Swede  named  John  Olsen,  formerly  a  copper-miner  in  Michi- 
gan, but  then  living  south  of  Little  Rock,  brought  me  a  sample 
of  what  he  thought  was  fullers'  earth.  He  reported  that  it  was 
from  near  the  town  of  Alexander,  the  locality  being  1  S.  13  W., 
section  8,  SW.  quarter  of  the  SE.  quarter.  My  chemist.  Dr. 
R.  N.  Brackett,  analyzed  the  material,  and  reported : 

Per  Cent. 

Silica, SiO,        ....  «3.19 

Alumina,       ....     AljO,      ....  18.76 

Iron, FeA      ....  7.06 

lime, t'aO        ....  0.78 

Magnesia,     ....     MgO                        .        .  1.68 

Potash,          ....     K,0        ....  0.21 

Soda Na,0       ....  1.50 

IxMB  on  ignition, 7.57 

100.74 
Water  at  110«  to  llo«  C.  =  7.84. 

Another  sample  from  about  the  same  locality,  also  brought 
by  John  Olsen,  on  analysis  by  Dr.  Brackett  gave  : 
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Sitica, 
Alumina, 
IroD,  . 
Lime, 
Magnesia, 
Potash, 
Soda, 
Loss  on 


SiO, 

CaO 
MgO 

Na,0 


Ignition, 


Percent. 
62.92 
18.24 

7.62 

0.76 

1.77 

0.54 

1.44 

7.55 


Water  at  110°  to  115°  C.  =  6.9o. 


100.84 


Analyses  were  also  made  of  samples  of  imported  fullers' 
earth,  and  the  similarity  between  the  domestic  and  the  foreign 
materials  was  so  close  that  it  was  thought  worth  while  to  have 
practical  experiments  made  with  the  Arkansas  earth. 

On  May  12, 1891,  the  results  of  these  analyses  were  reported 
to  A.  M.  Littlejohn,  of  Little  Rock,  Ark.,  who  was  at  that 
time,  as  manager  or  otherwise,  connected  with  the  Southern 
Cotton  Oil  Co.,  which  was  using  these  clays  for  refining  cot- 
ton-seed oil  in  its  mills  at  Little  Rock. 

On  Sept.  30,  1891,  I  went  personally  to  Alexander  and 
to  Niemeyer  and  visited  the  region  from  which  these  earths 
had  been  reported.  I  collected  a  sample  on  1  S.  13  W.,  sec- 
tion 8,  SW.  quarter  of  the  SE.  quarter,  which,  analyzed  by 
Dr.  Brackett,  gave : 


Silica, 

Alumina, 

Iron,     . 

Lime,   . 

Magnesia, 

Potash, 

Soda,    . 

Loss  on  ignition. 


SiOj 

AI2O3 

Fe^Oa 

CaO 

MgO 

KjO 

Na^O 


Per  Cent. 
64.38 
17.29 
8.25 
LU 
0.80 
1.41 
0.42 
6.95 


Water  at  110°  to  115°  a  =  9.02. 


100.61 


It  will  be  noted  that  these  analyses  are  as  nearly  alike  as 
could  be  expected.  Of  course,  they  were  not,  and  could  not 
be,  regarded  as  settling  the  question  whether  the  earths  were 
or  were  not  fullers'  earths.  But  they  were  considered  as  quite 
favorable  to  such  a  theory,  and  Mr.  Littlejohn  was  encouraged 
to  give  the  earth  in  question  a  thorough  practical  test  For 
some  time  the  Arkansas  material  was  used  in  the  oil-works. 
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JuBt  how  loDg  it  waB  used,  I  do  not  know,  for  Mr.  Littlejohn, 
who  had  charge  of  the  works,  died  in  December,  1891,  and  I 
am  unable  to  learn  any  of  the  details  of  his  experience.  Mr. 
Olsen,  however,  reports  that  the  Southern  Cotton  Oil  Co. 
finally  gave  up  its  use. 

I  recall  the  fact  that  it  seemed  to  me,  at  the  time  when  the 
experiments  were  being  macje,  that  the  methods  used  in  ob- 
taining the  earth  must  of  a  necessity  lead  to  failure.  This 
fullers'  earth  is  the  weathered  portions  of  nearly  horizontal 
beds  of  Tertiary  clays  that  run  through  the  low  hills  over  a 
large  area  in  the  region  S.  and  SW.  of  Little  Rock.  Accord- 
ing to  the  miners'  preconceived  notion  that  ore  must  "  improve 
with  depth,"  it  was  expected  that  after  the  weathered  edges  of 
the  clays  had  been  passed  the  fullers'  earth  must  likewise  im- 
prove. I  remember  also  that,  just  when  Mr.  Littlejohn 
thought  the  earth  was  going  to  be  a  great  success,  the  miners 
began  to  congratulate  themselves  that  the  stufi"  was  looking 
"  good  enough  to  eat,"  and  consequently  that  it  must  be  im- 
proving. Almost  immediately,  Mr.  Littlejohn  reported  that  it 
was  not  working  well.  To  me  the  reason  seemed  very  clear ; 
the  quarrymen  had  left  the  weathered  zone  behind,  and  had 
entered  the  unaltered  clays. 

I  understand  that  the  fullers'  earth  business  in  Arkansas  is 
now  well  established  and  constantly  growing.  The  only  object 
of  the  present  brief  statement  is  to  call  attention  to  the  fact 
that  fullers'  earth  was  known  and  was  already  being  mined  in 
the  State  of  Arkansas  as  early  as  1891. 

Even  since  the  present  paper  was  written,  an  advance  chapter 
of  the  Mineral  Resources  for  1910,  upon  the  production  of  fullers' 
earth,  repeats,  at  p.  4,  the  statement  that  the  first  "  discovery 
of  fullers'  earth  in  this  country"  was  at  Quincy,  Fla.,  in  1893. 
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Contribution  to  the    Study  of  the  Pre-Cambrian  Rocks  of 
the  Harney  Peak  District  of  South  Dakota. 

BY  GORDON  8.   DUNCAN,  A.R.S.M.,  A.I.M.M.,  LONDON,   ENGLAND. 
(New  York  Meeting,  February,  1912.) 

The  U.  S.  Geological  Survey,  I  believe,  has  almost  com- 
pleted a  study  of  the  Harney  Peak  quadrangle,  preliminary  to 
the  publication  of  a  report  on  that  district.  As  I  was  engaged 
for  some  months  on  an  investigation  of  the  mode  of  occurrence 
of  the  ore-bearing  formation  in  this  area,  it  has  seemed  to  me 
timely  to  make  public  the  results  of  my  study,  as  a  contribu- 
tion to  the  consideration  of  this  subject. 

It  seems  scarcely  necessary  to  describe  the  locality  and  gen- 
eral geology  of  the  Black  hills  of  South  Dakota,  for  since 
1846  many  have  contributed  information  concerning  this  re- 
gion, some  of  the  reports  bearing  such  well-known  names  as 
those  of  Walter  P.  Jenney,  Henry  Newton,  S.  P.  Emmons,  and 
C.  R  Van  Hise,  while  we  have  only  to  glance  at  BuUetin  No. 
4  of  the  South  Dakota  School  of  Mines^  in  which  Prof.  C.  C. 
O^Harra,  of  that  institution,  has  given  us  a  bibliography  of 
contributions  to  the  geography  and  geology  of  the  section,  to 
find  that  other  well-known  men  have  studied  the  district,  and 
have  ^ven  us  the  benefit  of  their  researches. 

The  TJ.  S.  Geological  Survey  has  made  geological  maps  of 
nearly  the  whole  of  the  Black  hills,  the  only  quadrangle  yet  to 
be  completed  being,  as  stated,  the  Harney  Peak  district.  During 
the  late  summer  and  autumn  of  1910,  it  was  my  lot  to  examine 
and  report  on  a  considerable  area  in  this  neighborhood,  which 
once  had  been  prospected,  and  in  some  cases  exploited,  for  tin. 
This  paper  gives  an  account  of  certain  geological  phenomena, 
noted  at  that  time,  which  greatly  influenced  my  conclusions. 

The  predominating  formation  of  the  district  is  pre-Cambrian, 
represented  by  a  highly-cleaved  mica-schist,  usually  very  gar- 
netiferous,  and  sometimes  hornblendic.  Rising  like  an  island 
from  the  surrounding  schist  is  a  large  mass  of  granite,  known  as 
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Harney's  Peak.  Originally  the  whole  of  this  area  was  overlain 
by  the  Potsdam  conglomerate,  Carboniferous  white  limestone, 
and  representatives  of  the  Jurassic  and  Cretaceous  series,  the 
escarpments  of  which  are  prominent  features  in  the  landscape 
surrounding  the  pre-Cambrian  formation,  and  which  must  have 
represented  many  thousands  of  feet  above  the  present  horizon. 
Erosion  has  therefore  been  enormous  where  the  pre-Cambrian 
rocks  outcrop.  As  well  as  the  main  occurrence  of  granite, 
there  are  numerous  outcrops  of  pegmatite,  greisen,  and  quartz 
throughout  the  schist  formation.  These  appear  as  veins  or 
ledges,  in  some  cases  parallel  with  the  cleavage  of  the  schists 
in  their  strike,  in  other  cases  cutting  across  it,  and  thereby 
causing  some  observers  to  consider  them  to  be  true  fissure- 
veins.  It  was  to  these  ledges  that  my  attention  was  principally 
directed  during  my  investigation,  since  it  was  here  that  tin  had 
been  found. 

In  this  district,  cassiterite  occurs  in  a  rock  containing  usually 
two  of  the  constituent  minerals  of  granite  (i.e.,  in  a  quartz- 
mica  aggregate  known  as  ** greisen"),  and  more  rarely  com- 
posed of  quartz  alone.    The  greisen  itself  occurs  in  two  forms : 

(1)  Massive^  occupying  the  whole  of  the  vein,  the  constitu- 
ents being  themselves  arranged  in  a  markedly  segregated 
manner,  as  illustrated  in  Fig.  1,  which  shows  an  ideal  section 
of  a  greisen  ledge.  Here  cassiterite  occurs  on  either  of  the 
walls,  in  association  with  the  mica,  or  else  in  the  center,  where 
the  largest  crystals  of  mica  usually  are  formed.  It  is  rare  to 
find  cassiterite  in  the  portions  of  the  vein  composed  almost 
entirely  of  quartz,  although  occasionally  large  crystals  of  the 
mineral  are  met  with  there.  It  is,  however,  a  fairly  general 
rule,  that  where  large  crystals  of  cassiterite  are  found,  the  mica 
is  in  large  crystals  also,  which  suggests  that  the  presence  of 
cassiterite  is  not  due  to  subsequent  deposition. 

(2)  Granular. — This  form  of  greisen  is  a  fairly  homogeneous 
mixture  of  quartz  and  mica,  and  is  associated  with  pegma- 
tite, occurring  in  ledges  of  that  rock  in  irregular  pockets 
and  shoots,  usually  few  and  far  between,  and  generally  at 
the  contact  of  the  pegmatite  with  the  schist.  It  seems  to 
contain  the  more  cassiterite  the  more  mica  is  present,  and 
always  in  smaller  crystals  than  in  the  massive  greisen. 

Fig.  2,  a  section  of  one  of  the  ledges,  is  a  good  example  of 
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the  manner  in  which  granular  greisen  occurs  in  a  pegmatite 
ledge. 

I  would  note  here  that  the  presence  of  greisen,  massive  or 
granular,  does  not  always  indicate  the  presence  of  cassiterite, 
since  I  never  noticed  cassiterite  in  any  rock  where  the  three 
constituent  minerals  of  granite  were  present  or  where  dissemi- 
nated tourmaline  occurred  in  any  quantity. 

There  are  three  types  of  ledges  in  this  district : 

(1)  Those  consisting  of  pegmatite  containing  erratic  occur- 
rences of  granular  greisen,  usually  from  3  to  20  ft.  wide. 

(2)  Those  consisting  of  massive  greisen  only. 


f-^"'" 


1.  Small  crystals  of  mica  near  contact. 

2.  Qaartz  and  a  little  mica  disseminated  through  it  in  cracks. 

3.  Small  mica  crystals,  becoming  larger  towards  the  center ;  very  little  quartz. 

4.  Much  mica,  very  little  quartz,  and  most  of  the  cassiterite. 

Fig.  1. — Cowboy  Lode. 

(3)  Those  consisting  of  quartz  only,  carrying  little  or  no 
mica,  practically  no  tin,  and  generally  only  a  trace  of  gold, 
although  in  some  cases  gold  in  paying  quantities  has  been  dis- 
covered in  large  pockets  or  "  bonanzas,"  distributed  very  irreg- 
ularly throughout  the  ledge,  as  is  usually  the  case  with  the 
white  glassy  quartz  such  as  occurs  in  this  region. 

The  relations  between  these  ledges  and  the  country  schists 
and  the  main  granite  intrusion  are  two  of  the  principal  points 
to  which  I  wish  to  draw  attention. 

The  difference  in  texture,  and  to  some  extent  in  composition, 
between  the  granite  batholith  of  Harney  Peak  and  the  ledges 
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Fig.  2.— Addie  Mine.     (After  T.  Ulke.) 
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occurring  in  the  vicinity  is  very  marked.  The  granite  of  the 
former  is  for  the  most  part  of  the  coarse-grained  normal  variety, 
having  the  feldspar  in  white  crystals,  somewhat  larger  than 
those  of  the  quartz  and  mica,  and  carrying  much  tourmaline  of 
the  usual  deep  blue  variety.  Never  did  I  find  in  the  granite 
any  greisen,  or  any  trace  of  cassiterite.  Earely  does  one  see 
on  Harney  Peak  any  evidence  of  segregation  of  the  minerals 
of  the  granite,  beyond  the  fact  that  the  feldspar  is  usually  in- 
clined to  be  idiomorphic  and  to  occur  in  somewhat  large  crys- 
tals. The  arrangement  of  the  crystals  shows  in  places  a  ten- 
dency to  gneissic  structure.  Passing  away  from  the  central 
granite  batholith,  we  find  the  outcrops  of  many  granitic  dikes, 
which  show  a  somewhat  marked  structure  in  the  arrangement 
of  the  crystals  of  the  constituent  minerals.  The  feldspars  are 
all  crystallized  out  in  large  idiomorphs ;  much  tourmaline  and 
a  little  columbite  are  present.  Proceeding  further  westward, 
we  pass  outcrops  of  granite  lenses,  becoming  very  coarse- 
grained and  showing  a  distinct  foliation  in  their  structure, 
almost  resembling  a  pegmatite.  Many  outcropping  lenses  of 
quartz  can  be  noticed.  The  mica-schist  in  this  vicinity  dips 
very  steeply  westward  and  masses  of  it  stand  out  in  high  relief 
from  the  surrounding  country,  especially  where  they  contain  a 
core,  as  it  were,  formed  by  an  included  lense  of  quartz  or  peg- 
matitic  granite.  Continuing  in  a  westerly  direction,  we  find 
that  the  granite  ledges  begin  to  show  marked  segregation  of 
their  constituent  minerals,  and  to  present  more  of  the  texture 
of  pegmatite.  The  quartz  is  inclined  to  be  more  segregated 
than  its  associates  and  to  occur  in  veins  and  masses  in  the 
pegmatite,  while  now  and  again  granular  greisen  is  met  with, 
sometimes  showing  crystals  of  cassiterite.  The  greisen,  how- 
ever, is  very  local  in  its  occurrence,  here  as  elsewhere,  where 
it  occurs  in  a  pegmatite.  A  minute  examination  of  one  of 
these  ledges  would  reveal  a  length  of  only  a  few  feet  (usu- 
ally at  the  contact  with  the  schist  walls)  in  several  hundred 
feet  of  the  outcrop.  As  we  proceed  further  westward,  and 
away  from  the  main  granite  intrusion,  the  quartz  veins  are 
more  frequent,  both  in  the  schist  and  in  the  pegmatites,  and  at 
a  distance  of  about  4  miles  from  Harney  Peak  veins  or  lenses 
of  massive  greisen  occur.  We  see,  therefore,  from  the  fore- 
going, that  the  further  away  from  Harney  Peak,  the  more 
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segregated,  generally  speaking,  are  the  minerals,  especially  the 
quartz,  in  the  pegmatites. 

Southwest  of  Harney  Peak,  and  in  the  Custer  City  district, 
we  find  a  greater  tendency  than  to  the  N.  and  NW.  of  the 
granite  intrusion  towards  a  more  equal  segregation  of  all  the 
minerals  of  the  pegmatites.  The  result  is  that  large  masses  of 
quartz  are  less  frequent  in  this  district  than  they  are  at  an 
^qual  distance  from  the  granite  intrusion  at  Hill  City,  although 
even  here  the  quartz  is  inclined  to  segregate  itself  in  the  peg- 
matites. For  example,  the  New  York  mica-mine,  owned  and 
operated  by  the  Westinghouse  Electrical  &  Manufacturing 
Co.,  has  opened  up  a  lense  of  pegmatite  80  ft.  wide,  which  is 
distinctly  more  quartzose  at  the  center  than  at  the  contact  with 
the  schist;  but  the  largest  crystals  of  mica  are  to  be  found 
within  12  ft.  of  one  schist  wall  and  within  4  ft.  of  the  other. 
This  is  not  always  the  case ;  for  at  another  of  this  company's 
mines  the  pegmatite  is  productive  of  large  sheets  of  mica,  usu- 
ally extending  from  wall  to  wall.  Comparatively  few  of  the 
many  pegmatite  lenses  in  this  district  have  crystallized  coarsely 
enough  to  make  the  mica  contained  in  them  marketable.  By 
far  the  greater  number  are  of  much  finer  texture.  But  there 
seems  in  this  southern  district  to  be  no  very  marked  gradual 
change  from  fine  to  coarser  crystallization  as  the  distance  from 
the  granite  increases.  The  extremely  coarse-grained  pegma- 
tites are  dotted  very  sparsely  among  others  of  more  normal 
texture ;  and,  in  fact,  some  are  in  close  proximity  to  the  granite 
itself. 

A  feature  common  to  almost  all  the  bodies  of  pegmatite,  and 
also  to  the  schist  country  in  which  they  occur,  is  that  the  strike 
of  the  former  and  the  cleavage  of  the  latter  are  in  most  cases 
roughly  at  right  angles  to  a  line  drawn  from  the  center  of  the 
granite  intrusion  of  Harney  Peak.  This  remark  is  not  in- 
tended to  imply  that  the  strike  of  the  cleavage  of  the  schists 
and  that  of  the  pegmatites,  greisen,  and  quartz  ledges  is  in 
every  case  coincident.  There  is  sometimes  a  difference  of 
from  10°  to  40°  between  the  two.  Moreover,  the  schists 
almost  always  dip  at  a  high  angle  away  from  the  granite, 
while  the  ledges  may  dip  either  one  way  or  the  other ;  and 
in  many  cases  where  the  dip  of  both  ledge  and  schist  is  in 
the  same  direction,  the  angle  is  very  different.     The  fact  that 
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the  schists  always  tend  to  dip  away  from  the  granite  and  that 
their  strike  (except  to  the  north  of  Hill  City)  is  rudely  parallel 
to  the  sides  of  the  granite  intrusion,  indicates  that  the  meta- 
morphism  of  the  schists  has  been  to  a  great  extent  due  to  the 
intrusion  of  this  mass  of  granite.  But  that  the  whole  of  the 
metamorphism  of  the  district  has  been  caused  by  this  one 
factor  is  most  improbable. 

The  ledges  themselves  furnish  some  evidence  in  this  con- 
nection. I  take  as  an  example  the  ledge  of  massive  greisen 
which  has  been  developed  in  the  Cowboy  mine,  near  Hill  City. 


irm 


Fig.  3. — Section  of  Cowboy  Mine. 


The  arrangement  of  the  mica  and  quartz  is  shown  in  Fig.  1. 
There  is  a  difference  between  the  strike  of  the  greisen  and 
that  of  the  schist  of  about  30°.  The  former  dips  about  75° 
NE.,  while  the  latter  dips  about  65°  NW.  This  might  sug- 
gest a  fissure-vein,  were  it  not  for  the  fact  that  the  greisen 
has  the  appearance  of  being  "  frozen  on  "  to  the  schist  walls. 

The  longitudinal  section  of  the  mine,  Fig.  3,  shows  the 
various  shoots  of  greisen,  and  it  will  be  seen  how  very  lenticu- 
lar they  are  in  depth.  The  schist  walls  show  numerous  slick- 
ensides  in  many  directions,  and  in  some  places  slight  contor- 
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tions  in  dip  and  strike.  A  distinct  fault  is  noticeable  on  the 
200-ft.  level,  where  the  greisen  of  shoot  C  has  been  turned 
round  at  right  angles  near  the  shaft,  and  has  "  petered  out "  in 
the  west  wall,  while  on  the  300-ft.  level,  at  the  far  north  end, 
two  little  stringers  of  greisen,  with  a  strike  at  right  angles 
(roughly)  to  that  of  the  main  shoots,  have  been  followed  bj 
tunnels,  which  proved  only  a  rapid  "petering  out"  in  each 
case.  This  clearly  shows  that  a  force  acting  at  right  angles  to 
that  which  had  produced  the  cleavage  of  the  schists,  had  been 
applied  to  the  rocks  in  the  vicinity,  after  the  deposition  (if  de- 
position we  may  call  it  at  this  stage)  of  the  greisen. 

A  neighboring  shoot  of  greisen,  which  strikes  at  an  angle 
with  the  schists,  shows  the  effects  of  this  subsequent  dynamic 
action,  being  crossed  from  wall  to  wall  by  cracks  following  the 
line  of  strike  of  the  schists.  Besides  these  two  instances  in 
which  a  second  lateral  disturbance  is  evidenced  in  the  greisens, 
there  are  many  others  to  be  seen  in  the  pegmatites  also,  al- 
though here  we  find  the  cracks  in  the  ledges  running  rather  at 
right  angles  to  their  strike  than  in  the  direction  of  the  cleavage 
of  the  schists. 

As  I  have  already  observed,  the  pegmatites  showing  greisen 
usually  do  so  on  the  walls — i.  e.,  at  the  contact  of  the  granitic 
rock  with  the  schist.  It  is  also  not  unusual  to  find  the  greisen 
in  a  crack  or  fissure  in  the  pegmatite,  in  which  case  it  is 
generally  massive  and  rarely  granular. 

Possible  Causes  of  Dynamic  Action  Subsequent  to  the  Intrusion  of 
the  Main  Granite  Batholith. 

As  we  have  already  seen,  there  is  ample  evidence  to  prove 
that,  besides  the  intrusion  of  the  Harney  Peak  granite,  there 
were  forces,  acting  in  this  region  at  a  subsequent  time  and  in 
other  directions,  which  cracked  and  fissured  the  ledges  of 
quartz,  pegmatite,  and  greisen. 

"What  produced  these  forces  ? 

North  of  Harney  Peak,  and  within  a  mile  or  so  of  the 
granite  itself,  we  find  several  outcropping  bosses  of  pegmatite 
very  much  coarser  in  texture  than  any  of  the  ledges  herein- 
before described.  Their  appearance  suggests  also  that,  un- 
like those  ledges  (which  have  been  proved  by  underground 
prospecting  in  several  places  to  have  no  greater  continuity  in 
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depth  than  oq  the  surface),  they  may  have  considerable  down- 
ward extension,  and  even  a  deep-seated  origin.  I  refer  to 
masses  of  the  type  of  the  fairly  well-known  Etta  boss  or  knob, 
which  was  the  first  to  receive  attention  during  the  tin-excite- 
ment in  the  late  nineties.  Here  we  have  a  pegmatite  (giving 
evidence  which  points  to  an  intrusive  origin),  the  constituent 
minerals  of  which  have  crystallized  out  on  an  enormous  scale. 

Professor  Blake,  who  reported  on  this  property  about  1888, 
described  the  arrangement  of  the  minerals  in  the  boss  as  show- 
ing a  tendency  to  more  or  less  concentric  segregation.  This  is  to 
a  certain  extent  true,  although  the  lines  of  demarcation  are  less 
hard  and  fast  than  Blake's  report  suggests.  He  describes  the 
zones  as  follows:  (1)  a  central  core  of  quartz  and  feldspar;  (2) 
greisen,  carrying  tin-stone ;  (8)  crystals  of  spodumene,  with 
greisen,  carrying  tin-stone ;  (4)  a  band  or  zone  of  biotite  and 
muscovite  mica. 

Spodumene  is  found,  in  this  region,  only  in  bosses  of  peg- 
matite of  extraordinary  coarseness,  like  this  one.  Further- 
more, this  intrusion  contains  not  less  than  48  distinct  minerals, 
many  of  which  are  absent  from  the  more  common  and  more 
normally  crystalline  pegmatite  ledges.  Of  the  minerals  occur- 
ring here,  the  most  important,  as  regards  size  of  segregated 
masses,  are  quartz,  albite,  spodumene,  and  mica  (the  latter  being 
usually  commercially  useless,  since  it  occurs  as  muscovite  and 
biotite  in  "  fishbacked  "  plates).  Granular  greisen  is  also  preva- 
lent, and  in  some  spots,  especially  near  the  center  of  the  boss, 
exhibits  a  certain  amount  of  cassiterite,  while  aggregates  of 
small  crystals  of  mica  occur  in  association  with  it. 

That  such  occurrences  of  pegmatite  have  no  connection 
with  the  main  intrusion  of  granite,  there  is  scarcely  suffi- 
cient evidence  to  prove,  but  it  does  seem  possible  that  their 
intrusion  was  connected  with  the  action  which  produced  some 
of  the  later  lateral  disturbances  and  uplifts.  They  have  no  real 
parallel  southwest  and  south  of  Harney  Peak,  where  the  very 
coarsely  crystalline  pegmatites  productive  of  commercial  mica 
outcrop  at  various  distances  from  the  granite.  There  are  some 
marked  diflferences  between  the  two  groups.  The  latter  show 
relatively  fewer  minerals ;  often  occur  as  lenses  in  the  schist, 
like  the  more  normal  pegmatites ;  and  the  mica  in  many  of 
them  is  the  variety  known  as  phlogopite,  which  is  generally 
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common  to  most  of  the  ledges  in  the  near  vicinity,  and  is  the 
mica  of  some  of  their  tin-bearing  granular  greisen.  There 
seems  to  be,  therefore,  a  distinction  between  the  mormal  peg- 
matites occurring  in  the  Harney  Peak  district  all  round  the 
granite,  and  the  highly  segregated  intrusions  to  the  north ;  and 
the  question  suggests  itself,  in  view  of  the  evidence  of  subse- 
quent dynamic  action  portrayed  in  the  fissured  normal  peg- 
matites and  greisens,  whether  these  other  intrusions  of  coarser 
granitic  material  outcropping  to  the  north  are  not  the  cause,  or 
products  of  the  cause,  of  the  later  disturbances  and  uplifts 
thus  shown  to  have  taken  place.  In  connection  with  this  ques- 
tion, the  schists  and  slates  which  constitute  the  country-rock  of 
the  district  may  be  considered. 

Newton,  in  his  report  on  the  geology  of  the  district,  seems 
to  think  that  the  present  surface-exposure  of  schists  and  slates 
represents  from  east  to  west  the  original  thickness  of  the  pre- 
Cambrian  series.  He  says,  in  speaking  of  the  body  of  Archsean 
slates  and  schists :  ^ 

"It  has  not,  of  course,  its  original  position;  for  the  same  process  of  change 
which  has  produced  its  metamorphic  structure  has  turned  it  bodily  on  edge,  and 
either  broken  or  eroded  away  its  upward  continuation  ;  .  .  .  and  it  is  probable 
that  the  system  presents  the  clays,  shales,  and  sandstones  from  which  it  was  pro- 
duced by  metamorphism  in  the  same  order  in  which  they  were  originally 
deposited." 

Apparently,  Newton  thought  there  was  some  connection 
between  the  cleavage  and  foliation  of  the  schists  and  the  orig- 
inal bedding  of  the  detritus  from  which  they  were  formed. 
Against  this  supposition  we  have  the  following  important 
facts : 

1.  The  general  strike  of  the  cleavage  of  the  slates  and  schists 
is  parallel  to  the  main  granite  batholith. 

2.  The  general  dip  of  the  slates  and  schists  is  away  from  the 
granite. 

3.  The  dip  of  the  schists  is  generally  extremely  uniform. 
Had  the  present  structure  represented  bedding,  this  state  of 
things  would  have  been  most  improbable;  the  folds  would 
have  had  to  be  very  closely  pressed,  and,  as  Van  Hise  says,^ 


1  The  Pre-Cambrian  Rocks  of  the  Black  Hills,  by  C.  R.  Van  Hise,  BulUtin  <^ 
the  Geological  Society  of  America ^  vol.  i.,  pp.  203  to  244  (1889). 
^  Idem. 
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"  the  sides  .  .  .  would  have  had  to  be  truncated  in  such  a  fortu- 
nate position  as  to  cut  none  of  the  folds  at  their  turning-points." 

4.  In  only  one  instance  has  a  true  anticlinal  fold  of  large 
size  been  noted  in  the  schists.  This  is  in  the  neighborhood  of 
the  very  coarsely  crystalline  pegmatites  in  the  Custer  City  dis- 
trict, and  is  probably  due  to  a  purely  local  disturbance. 

"We  can  therefore  say  that  the  available  evidence  all  points 
to  the  fact  that  the  present  structures  exhibited  in  the  pre- 
Cambrian  slates  and  schists  is  the  product  of  metamorphism, 
and  has  no  relation  whatever  to  their  bedding ;  and,  furthermore, 
that  the  forces  producing  the  metamorphic  structure,  which 
have  acted  at  various  times  and  in  various  directions,  have 
completely  obliterated  all  traces  of  the  original  bedding  of  the 
detritus.  Many  of  the  pegmatite  occurrences  in  the  schist 
exhibit  a  marked  flow-structure  in  the  arrangement  of  their 
minerals.  This  is  probably  due  to  forces  which  have  acted  on 
them  subsequent  to  their  deposition.  None  of  the  ledges  of 
pegmatite,  quartz,  or  greisen  have  any  great  continuity  along 
their  outcrops.  In  some  cases,  where  shafts  have  been  sunk 
on  them  to  a  considerable  depth,  this  has  been  found  to  be  true 
as  to  their  downward  extension  also.  Most  of  those  upon  which 
the  greatest  development-work  has  been  done  show  somewhat 
irregular  pinching  and  widening  and  faulting,  although  the 
schist  itself  may  not  exhibit  any  marked  contortion  in  the  im- 
mediate vicinity — the  only  trace  of  the  course  of  a  fault  under- 
ground being,  in  such  cases,  a  very  narrow  gouge  or  clayey 

stringer. 

Origin  of  Lenses  of  Pegmatite  and  Quartz. 

The  study  of  the  origin  of  the  pegmatite,  quartz,  and  greisen 
in  this  district  raises  the  question  of  the  probable  causes  of  peg- 
matization.  Van  Hise,  in  his  work,*  states  three  causes  for  this 
phenomenon,  all  of  which  may  be  applicable  to  the  Harney 
Peak  district,  namely:  (1)  true  igneous  injection;  (2)  aqueo- 
igneous  action  (intermediate  between  solution  and  fusion) ;  and 
(3)  water- cementation. 

As  to  the  first  cause,  we  have,  in  close  proximity  to  the  main 
granite  intrusion  of  Harney  Peak,  several  very  large  dikes,  of 
composition  and  texture  extremely  similar  to  that  of  the  gran* 

*    A  Treatise  on  Metamorphism,  Monograph  XL  VIL,  U.  S.  Oeological  Survey f 
pp.  720  to  723  (1905). 

[11] 


Digitized  by 


Google 


762  STUDY   OF   PRB-CAMBRIAN    ROCKS. 

ite  batholitli,  but  exhibiting  a  distinct  gneissic  structure.  It 
seems  impossible  not  to  imagine  that  these  dikes  are  connected 
in  depth  with  the  main  granite  intrusion,  and  owe  their  origin 
to  igneous  injection. 

Further  away  from  the  main  granite,  the  minerals  of  the 
pegmatites  become  more  and  more  segregated,  and  there  is  a 
distinct  gradation  from  finer  to  coarser  texture  (although  with 
very  little  degree  of  regularity  in  the  ratio  of  increase  in  dis- 
tance). Some  of  these  occurrences  of  pegmatite,  usually  those 
in  which  a  small  percentage  of  cassiterite  has  been  found,  have 
been  prospected  for  that  mineral  by  shafts,  which,  in  several 
cases,  have  proved  their  lenticular  character  in  depth  as  well 
as  in  length  by  "  bottoming  "  them.  To  these  it  seems  reason- 
able to  ascribe  an  aqueo-igneous  origin,  through  the  injection, 
along  fissures,  in  a  state  between  fusion  and  solution,  of  mate- 
rial more  acid  in  composition  than  the  granite  magma,  which 
has  crystallized  very  coarsely  when  deposited.  Van  Hise  puts 
forward  the  theory  that  the  coarseness  of  crystallization  at  a 
distance  from  the  main  granite  intrusion  is  not  necessarily  due 
to  any  great  slowness  in  cooling,  but  rather  to  the  aid  to  crys- 
tallization afforded  by  the  abundance  of  mineralizers  present* 
This  theory  certainly  answers  for  the  majority  of  the  phenom- 
ena of  pegmatite  lenses  in  this  immediate  district.  Still  fur- 
ther west  and  north  from  Harney  Peak,  the  lenses  of  pegmatite 
become  more  quartzose  and  the  number  of  lenses  of  pure 
quartz  increases.  West  of  Hill  City  we  have  several  lenses  of 
massive  greisen  or  quartz  containing  mica,  both  materials  being 
arranged  in  layers  parallel  to  the  walls  of  schist.  The  origin 
of  these  seems  to  be  accounted  for  more  easily  by  water- 
cementation  than  by  any  other  cause ;  they  are  very  lenticular 
and  irregular  in  their  occurrence,  both  in  strike  and  in  depth. 

It  is  evident  that  no  hard  and  fast  line  can  be  drawn  where 
the  effects  of  any  one  cause  of  the  formation  of  the  lenses  of 
quartz  and  pegmatite  begin  or  end.  Their  appearance  seems  to 
present  a  gradual  gradation  from  the  granitic  dikes  presenting 
a  gneissic  structure,  owing  their  origin  to  igneous  injection, 
and  which  occur  in  close  proximity  to  the  main  granite  intru- 
sion, to  the  lenses  of  pegmatite,  and  thence  to  those  lenses 
composed  almost,  if  not  entirely,  of  quartz,  which  occur  remote 
from  the  granite,  and  probably  owe  their  origin  to  water- 
cementation. 

*  Ibid.,  p.  722.  Digitized  by  VjOOQIC 
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Progress  in  Roll-Crushing. 

DiBCQssion  of  the  paper  of  C  Q.  Pajae,  presented  at  the  New  York  meeting, 
Febraarj,  1912,  and  printed  in  Bulletin  No.  66,  June,  1912,  pp.  677  to  602. 

C.  Q.  Payne,  New  York,  N.  Y.  (communication  to  the  Sec- 
retary*) :  I  desire  to  comment  briefly  upon  S.  Arthur  Krom's 
contribution  to  the  discussion  of  my  paper.  In  giving  Stephen 
R.  Krom  the  credit  of  introducing  the  belted  high-speed  crush- 
ing-roll into  the  United  States,  I  may  say  that  the  difierence  in 
speed  of  the  early  geared  Cornish  rolls,  which  were  sometimes 
driven  as  slowly  as  4  or  5  rev.  per  min.,  and  that  of  the  belted 
rolls,  which,  when  run  at  100  rev.  per  min.  and  over,  may  be 
considered  "  high  speed,"  as  compared  with  the  former,  seemed 
to  me  sufficiently  distinctive  to  be  noted.  The  same  distinction 
is  made  by  Philip  Argall  in  his  interesting  paper,  Sampling  and 
Dry  Crushing  in  Colorado.^  The  narrow-tired  roll,  which  was 
driven  at  an  extremely  high  speed,  was  a  later  development,  and 
which  proved  to  have  other  disadvantages. 

I  regret  to  notice  (pp.  598,  599)  that  Mr.  Krom  makes  a 
misleading  use  of  quotation-marks  in  his  comments  by  inclos- 
ing between  them  statements  which  do  not  quote  accurately 
from  my  paper.  However,  I  think  this  must  be  due  to  over- 
sight or  haste  on  his  part,  for  I  notice  also  that  he  entirely  dis- 
regards Mr.  Edison's  remarkable  use  of  rolls  in  pulverizing 
cement-rock,  when  he  says  (p.  598)  that  his  experience  has 
taught  him  that  the  product  of  a  roll  is  always  granular,  no 
matter  how  fine  the  crushing  is. 

He  has  again  overlooked  my  statement  on  p.  591,  when  he 
says  (p.  599)  that  the  Frazee  roUs^  cannot  be  applied  to  gen- 
eral mill-practice  owing  to  the  necessity  of  drying  the  ore.  No 
such  necessity  exists.  I  must  also  notice  that  while  Mr.  Krom 
classes  the  Frazee  rolls  with  Joplin  practice  among  things  to  be 
condemned,  he  finds  the  correct  roll-construction  in  the  Krom 
roll.     As  nothing  is  stated  about  feeding  the  Krom  roll,  this 

♦  Received  Jnne  25,  1912. 

*  TranmetioTu  of  the  Institution  of  Mining  and  MttaUurgy^  vol.  x. ,  p.  250  (1901-02) . 
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conclusion  seems  to  be  too  general  to  be  of  value  in  this  con- 
nection, or  quite  convincing,  even  if  it  might  not  have  been 
safely  inferred. 

In  regard  to  Joplin  practice,  the  use  of  flanges  on  one  of  the 
roll-shells  in  some  of  the  mills  is  certainly  an  interesting  devel- 
opment. No  feed-mechanism  is,  however,  employed.  The  ore 
is  carried  to  the  rolls  by  a  stream  of  water,  and  the  object  of 
the  flanges  is  to  direct  the  ore  downward,  and  to  prevent  the 
water  from  splashing  it  out  sideways  while  it  is  being  crushed. 
These  rolls  are  not  used  for  flne  crushing  in  the  sense  that  Mr. 
Frazee's  rolls  are,  and  the  flanges  do  not  prevent  grooving  and 
irregular  wear  of  the  shells.  The  latter  are  made  of  cast-iron, 
and  are  given  a  very  hard  chill.  When  the  chill  is  worn  through 
they  are  discarded.  As  Mr.  Stone  points  out,  the  distinctively 
novel  feature  of  the  Frazee  roll-design  is  the  method  of  feeding 
the  rolls.  Here  the  feed-stream  is  extended  slightly  beyond 
the  ends  of  the  shorter  roll,  so  that  by  a  certain  amount  of 
crushing  between  the  ends  of  the  roll  and  the  flanges,  the 
ridging  of  the  ends  of  the  shorter  roll,  as  well  as  grooving,  can 
be  entirely  overcome.  The  Frazee  roll-shells  can  thus  be 
brought  quite  close  together,  and  in  this  way  used  for  much 
finer  crushing  than  the  Joplin  practice  would  permit.  They 
have,  therefore,  little  or  nothing  in  common  with  the  latter. 

I  am  aware  that  it  is  not  unusual  for  manufacturers  of  ma- 
chinery to  take  a  fling  at  Joplin  practice.  From  a  mining  engi- 
neer's point  of  view,  however,  it  has  much  to  commend  it.  The 
Missouri  zinc-deposits,  for  the  most  part,  are  irregular  and  un- 
certain in  extent.  Much  of  the  ground  has  heretofore  been 
leased  to  operators  in  comparatively  small  sections.  The  ex- 
pense of  simple  mill-equipments  can  be  more  quickly  recovered 
from  operating-profits  than  more  elaborate  and  expensive  ma- 
chinery. It  is  always  *'  good  practice  "  to  make  money,  and 
rolls  which  would  not  be  advisable  for  porphyry  copper-ores, 
for  example,  under  the  peculiar  conditions  surrounding  zinc- 
mining  at  Joplin,  have  held  their  own,  because  they  have  justi- 
fied themselves  financially. 

In  my  paper  I  have  endeavored  to  press  the  point,  that  in 
treating  those  ores  which  must  be  kept  in  a  granular  condition 
while  crushing  them  finely  for  concentration,  the  Frazee  rolls 
hold  out  the  promise  of  great  usefulness  by  avoiding  losses  due 
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to  sliming.  In  Mr.  Krom's  comment  I  notice  that  he  gives  the 
screen-analysis  of  a  material  which  has  passed  through  a  Hard- 
inge  tuhe-mill,  hut  which  does  not  have  to  be  kept  in  agranular 
condition  for  concentration.  The  reference,  therefore,  does  not 
seem  pertinent  to  anything  contained  in  my  paper. 

In  regard  to  Mr.  Krom's  opinion  on  the  subject  of  coarse 
crushing,  his  comparison  between  rolls  and  jaw-crushers  on  the 
basis  of  assumed  cost  seems  decidedly  unfair  to  the  rolls. 

I  regret  that  Mr.  Krom  should  rely  for  his  opinion  of  Mr. 
Edison's  giant  rolls  upon  a  correspondent  who  seems  to  have 
been  unfortunate  in  not  having  secured  the  benefit  of  their 
enormous  capacity,  and  who  does  not  state  the  nature  of  the 
rock  crushed.  So  indirect  an  attack  may  well  be  disregarded. 
Mr.  Edison's  mechanical  genius  does  not  need  any  tribute  at 
my  hands.  His  is  the  faith  (in  mechanics)  which  literally 
removes  mountains,  and  no  one  can  watch  the  giant  rolls  in  oper- 
ation at  Stewartsville,  N.  J.,  without  increased  respect  for  the 
human  spirit  which  can  measure  itself  with  the  enormous  forces 
which  the  rolls  unlock. 

Whether  the  particular  design  developed  thus  far  is  found 
to  be  the  best  for  the  purpose  or  not,  there  is  no  doubt  that  all 
mining  engineers  will  watch  with  keen  interest  the  reduction 
of  costs  in  mining  and  quarrying  by  means  of  coarse  crushing, 
in  which  Mr.  Edison  has  led  the  advance.  He  has  certainly 
made  a  most  notable  contribution  to  the  art  of  roll-crushing. 
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The  Refining  of  Blister-Copper. 

Discussion  of  the  paper  of  Horace  H.  Emrich,  presented  at  the  New  York 
meeting,  February,  1912,  and  printed  in  Bulletin  No.  66,  June,  1912,  pp. 
611  to  632. 

Anton  Eilers,  New  York,  N.  Y.  (communication  to  the  Sec- 
retary*) : — ^I  do  not  think  there  is  anything  to  be  added  to  this 
paper  at  the  present  time.  The  facts  as  given  are  no  doubt  cor- 
rect, for  I  know  from  personal  contact  that  Mr.  Emrich  was  a 
close  observer  and  a  logical  thinker. 

But  this  paper  carries  a  suggestion  to  those  who  work  in  this 
particular  line.  The  subject  is  by  no  means  exhausted.  It 
should  be  the  ambition  of  some  investigator  to  find  out  defi- 
nitely, why,  when  slimes  are  caught  as  such  in  the  copper 
during  its  deposition,  the  conductivity  of  the  copper  is  not  im- 
paired, if  the  tests  are  made  directly  from  the  cathode,  while 
it  is  lowered  to  a  marked  degree  after  the  same  cathode-copper 
has  been  melted  down,  even  if  an  attempt  to  refine  it  further 
by  oxidizing-heat  has  been  made. 

To  me  this  behavior  of  the  cathode-copper  before  and  after 
melting  indicates  that  the  impurities  in  the  slimes  are  present 
in  a  different  state  before  and  after  melting  down,  and  that  the 
arsenic  and  possibly  the  antimony  present  play  an  important 
part.  I  would  therefore  suggest  that  a  number  of  complete 
analyses  of  the  slimes  afloat  in  the  first  overflow  from  the  tanks 
should  be  carefully  made,  particularly  to  find  out  in  what  com- 
bination, if  any,  arsenic  and  antimony  are  present ;  that  another 
number  of  complete  analyses  of  the  melted  cathode-copper  be 
made  for  the  same  purpose,  and  that  these  analyses  be  supple- 
mented by  metallographic  tests  of  respectively  the  unmelted 
and  the  melted  cathode-copper.  The  results  would  probably 
indicate  steps  to  be  taken  to  reduce  the  difference  in  conduc- 
tivity to  a  considerable  degree.  Without  the  above  and  other 
tests  resulting  from  these,  we  are  at  present  in  the  dark.  Yet 
it  is  clear  that  large  commercial  advantages  may  be  gained  if 
the  above  questions  are  favorably  settled. 


*  Received  Mar.  22,  1912. 
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This  Record  of  Tunnel 
Driving  Will  Interest  You 

STEWART  MINING  CO. 

Kellogg,  Idaho,  Nov.  24,  191 1. 
To  Whom  it  May  Concern  : — 

This  is  to  certify  that  the  Stewart  Mining  Company 
have  driven  a  6  x  7  foot  tunnel  (in  the  clear)  1 17  feet  in 
seven  days,  working  three  8-hour  shifts  with  the  following 
crew  per  shift :  one  machine  man,  one  car  man  and  two 
muckers,  running  the  dirt  1 300  feet. 

This  drilling  was  done  with  a  C-iio  "Butterfly" 
Rock  Drill.  (Signed)  Wm.  A.  Beaudry,  Supt. 

Are  you  doing  as  well,  with  your  drills  ? 

INGERSOLL-RAND  CO. 

NEW  YORK  LONDON 

Ofne«s  in  Ail  Prinoipal  CitiM  of  tho  World 
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PERFORATED  METAL 


MINING  SCREENS 

%  Used  in  sizing  Ores,  Coal,  Clay,  Cement,  Crushed  and  Ground 
Minerals  and  other  products. 

^  STANDARD  SIZES  OF  HOLES  varying  in  diameter  by 
Millimeters  and  fractions  or  decimals  of  an  inch,  in  metal  of  any 
thickness  to  one  inch  Steel  Plates. 

^  CYLINDRICAL  SCREEN  sections  and  segments  rolled  to 
diameter  with  butt  or  lap  joints,  and  fastened  with  clips  bolted  or 
riveted  if  desired. 

^  COAL  SCREEN  PLATES  with  standard  holes,  or  special  sizes 
for  local  requirements. 

%  MANGANESE  BRONZE  or  MONEL  METAL  screens  for 
acidulated  or  sulphurous  mine  waters. 

%  THE  H.  &  K.  P.  CO.  SCREENS  typify  accuracy,  precision  of 
alignment,  capacity  and  durability — they  are  dependable. 


We  try  to  cover  the  vital  points  of  accuracy ^  capacity  and 
durability  as  well  as  it  can  be  done — there  is  nothing  mysterious 
about  the  way  we  make  our  screen  plates — it's  simply  experi- 
ence and  common  sense,  aided  by  the  teaching  of  Minmg  Men, 
who  distinctive  as  a  class,  know  what  they  want. 

Our  leading  motive  is  to  supply  only  the  best  screens  that  can 
be  made  and  come  as  near  as  possible  to  meeting  their  wants. 

The  Harrington  &  King  Perforating  Co. 

621  North  Union  Street  CHICAGO,  ILL.,  U.  S.  A. 

New  York  Office:  114  Liberty  Street 
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THE  SLOOMK  OF  THE  CAMEROH^" CHARACTER :   THE  GRAHDEST  THIHO" 

CAMKRON 

VERTICAL  PLUNGER  SINKING  PUMPS 
ARE  PLAIN  WORK-A-DAY  MACHINES 

You  won*t  find  one  unnecessary 
part  in  the  Cameron  Pump,  and  a 
glance  at  the  cut  shows  its  compact 
construction. 

Cameron  Pumps  are  built  just  as 
strong  and  simple  as  possible  to  be 
prepared  for  the  very  hardest  kind 
of  work.  For  instance,  the  Steam 
Mechanism  consists  of  four  stout 
pieces  only,  and  there  is  no  outside 
valve  gear  to  interfere  with  the 
pump  giving  its  very  best  service. 

While  the  Cameron  Pump  com- 
petes only  on  a  quality  basis  with 
other  pumps,  yet  you'll  find  a  Cam- 
eron Pump  still  giving  efficient  ser- 
vice after  several  cheap  pumps  have 
gone  to  pieces,  proving  that  in  ul- 
timate economy  Cameron  Pumps 
also  come  out  first. 

Therefore,  if  you  want  to  pay  the 
lowest  price  for  efficient  pump  ser- 
vice, install  the  Cameron.  A  trial 
will  make  you  a  satisfied  user. 

Catalog  No.  5,  Illustrating  and  Describing  All  Types  of 
Cameron  Pumps y  Sent  on  Request  to  Interested  Pump  Users, 

A.  S.  Cameron  Steam  Pump  Works 

11  Broadway,  New  York 
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ANNOUNCEMENT! 


The  Mine  &  Smelter  Supply  Company 

IS  MAKING  ERRONEOUS  STATEMENTS,  BOTH  BY  LET- 
TER AND  JOURNAL  ADVERTISING,  REGARDING  THE 
INFRINGEMENT  OP  THEIR  PATENT   RIGHTS  BY  THE 

The  Lodwic  Concentrator  Company 

HERB  ARE  THE  FACTS: 

FIRST :  It  is  not  true,  as  stated  by  the  Mine  &  Smelter  Supply 
Company,  that  the  United  States  District  Court  decided  in  the 
case  of  said  Company  against  Jacob  Lampert,  that  the  concentrat- 
ing tables  which  the  Lodwic  Concentrator  Company  was  placing 
on  the  market  were  not  protected  by  Letters  Patent  granted  to  said 
Lampert.  The  Lodwic  Concentrator  Company  was  not  a  party  to 
said  litigation  and  is  in  no  way  bound  thereby. 

SECOND :  The  said  District  Court  in  said  case,  did  not  pass 
upon  the  validity  of  the  Wilfiey  Patent.  Such  statement  is  abso- 
lutely false. 

THIRD :  The  decree  of  said  District  Court  in  said  case, 
simply  decided  that  the  Wilfiey  construction  does  not 
constitute  an  infringement  of  the  Lampert  Patent,  No. 
533,362. 

FOURTH  :  The  said  decree  was  rendered  on  April  30th  last, 
and  not  on  March  5th,  as  claimed  by  the  said  Mine  &  Smelter 
Supply  Company.  The  said  decree  would  not  in  any  event  become 
final  until  the  expiration  of  six  months  from  the  date  of  its  entry. 
In  that  time,  however,  an  appeal  will  be  taken  by  lampert  to  the 
Circuit  Court  of  Appeals  of  the  Ninth  Circuit.  We  have  every 
reason  to  believe  that  the  said  decree  of  the  District  Court  will  be 
reversed. 

FIFTH :  The  Lodwic  Tables  are  absolutely  freed  from 
the  claim  of  infringement  of  the  Wilfiey  Patent,  for  they 
are  manufactured  under  a  full  license  from  Wilfiey  and 
the  Mine  &  Smelter  Supply  Company. 


The  Lodwic  G>ncentrator  G>mpany 

Suite  306,  No.  313  West  Third  St.  LOS  ANGELES,  CAL.,  U.  S.  A. 
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Weston  Ammeters  &  Voltmeters 

FOR  A.  C,  MINING  SERVICE 

These  mstamneiiU  are  of  the  same  standard  quality  and  posseu 
the  same  features  of  durability  and  workmanship  as  the  well- 
kno¥m  Weston  standard  D.  C  instruments.  They  are  so  low 
in  price  as  to  be  within  the  reach  of  all  users  oi  electrical 


Weston  A.  C.  instruments  are — 

Dead  Beat 

Extremely  S»siti¥e 

Practically  hdcpcndent  of 

Wave  Form  and  Temperature 

Error,  and  require  very  little 

Power  to  operate 


Edipse  Switchboard 
I^«  C*  Instrtsmeiit 


FOR  D.C.  CIRCUITS  OF  SMALL        Switchboanl  A. C 
MINE  PLANTS  lottrmncnt 

Weston  Eclipse  Ammeters,  Milliammeters 
AND  Voltmeters 

are  wdl  suited.  They  are  of  the  **  soft-iron  **  or  Electro- 
magnetic type,  remarkably  accurate,  well  made,  nicely 
finished^  and  especiallv  low  in  price.  Weston  Eclipse  in- 
struments are  far  in  advance  of  all  preceding  forms  of  the 
softjron  t3rpes. 

Write  for  catalogue  and  information. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

WAVERLY  PARK,  NEWARK.  N.  J.,  U.  S.  A. 

N«w  York  Ofno«  :  114  Liberty  Street. 

London  Branch  :  Audrey  House,  Ely  Place,  Holbom. 

Paris,  Franoa :  E.  H.  Cadiot,  12  Rue  Sl  Georges. 

Barlln  :  European  Weston  Instrument  Co.,  Ltd.,  Schoneberg,  Genest  Str.,  5* 
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First  Motion  Winding  Engines 


BQUIPPBD  WITH 


Nicholson   Device  for  Prevention  of  Overwinding. 

Send  for  new  catalog — just  from  the  press. 

Vulcan  Iron  Works  -  -  Wukes-Barre,  Pa. 


CHROME  STEEL  WORKS 

CHROME.  N.J..U.S.A. 

,    ■  .-        -■-•.        •  '  rOIOlEfHir   OF    BlfOOKLVM  ,  H.V.I 


IFH 


A  Tempered  Steel  Jaw  Plate 
for  Blake  Type  Crushers 

The"Adamantine"Tem- 
pered  Steel  Jaw  Plate  for 
Blake  Crushers  is  com- 
posed of  Forged  and 
Rolled  Chrome  Steel 
Bars,  cast  welded  and 
also  mechanically  in- 
"Adamantine »»  Tempered  Steel  Jaw  Plate       terlocked  into  a  backing 

of  tough  steel — and  the  wearing  face  is  tempered  to  extreme 
hardness.  This  plate  will  give  longer  service  and  prove  more 
economical  than  any  other  make  of  crusher  plate  now  on  the 
market.  We  are  equipped  to  supply  these  plates  for  all  the 
diflferent  sizes  and  makes  of  Blake  Crushers. 

Send  for  Descriptive  Pamphlet. 

TiAnrARATit^H  hv .  i  J-  ^'  SpeUman.  First  Naf  1  Bank  Bldg.,  Denver.  Col. 
Represented  by .  |q  ^  Syen,  Kohl  Bldg..  San  Francfiico.  Cal. 
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STURTEVKNT 


NEWAYGO    DRY   SCREEN 

ONE  TO  FOUR  PRODUCTS  FROM  A  SINGLE  SEPARATOR 

RANQE  OF  OUTPUT  4  TO  180  MC8H 

LESS  THAN   ONE  HORSE  POWER  TO   DRIVE 

COARSE  MESH   USED  TO  OBTAIN   FINE  OUTPUT 

Large  Capacity  *.*  Accurate  Product  -.*  Small  Wear  -.-  Perfect  Vibration 
Send  for  CataIO0U« 

STURTEVANT  MILL  CO.,  BOSTON,  MASS. 


The  Standard 

Wire  Ro 

pe 

.^n^ 

for  Mining 

j/^^^^r 

BARE  AND  INSULATED  ^ 
IRON.    STEEL  AND       ^H 
COPPER   WtRE           ^f^ 

^\^^^^               ^^^   Prices 
^^^^                      and   other 
^^r                       Information, 

r                       address 

^^ 

r 

John  A.  Roebling's 
Sons  Co. 

TRENTON,  N.  J. 

and 

stock   Shipments   from    agrenoles 
branches  throughout  the  country 
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BUCKEYE  STEAM  ENGINES 

Reliability  is  a  feature  which  has  made  them  favorites  in 
the  minings  world.  The  simplicity  of  design  and  ease  with 
which  they  are  operated  in  either  direct  connected  or  belted 
service,  render  them  paying  investments. 

When  in  need  of  power  write  us.  Horse  Powers  from  50  up. 

BUCKEYE  ENGINE  CO.,  salem,  omo 

STEAM  GAS 


COMPLETE  GRAPHIC  SOLUTION  FOR 

KUTTER'S   FORMULA 

FOR  THE  FLOW  OF  WATER. 
By  L.  I.  HEWBS  and  J.  W.  ROE,  Sheffield  Scientific  School,  Yale  Univeraity. 

By  the  use  of  this  diagram  and  a  8tndffht«dge,  a  complete  solution  of  Kutter's 
Formula  for  any  given  conditions  can  be  obtained  in  80  seconds,  without  the  tedious 
calculations  otherwise  necessary. 

Printed  on  cloth,  15  by  15  incnes.    Suitable  for  office  or  field  use. 

PRICE,  60  CENTS. 

Sent,  postpaid,  on  receipt  of  price,  by 

The  American  Institute  of  Mining  Engineers, 

29  W.  agth  Street,  New  York,  N.  Y. 


BULLDOG"  WINS  TEST 

In  a  lecent  endurance  test  between  'Bulldog  Special'  and 
another  brand  of  HoUow  Drill  Steel,  both  Steels  pound- 
ing  a  solid  block  of  ixon,  the  other  brand  broke  in  pieces 
'm2)4  hours  while  'Bulldog  Special'  worked  continuous- 
ly for  eight  hours  before  breaking.    BULLDOG  is 'Best' 

MQMTCntO  TRAOI   MARK 

International  High  Speed  Steel  Company 

No.  478  Pearl  Street,  New  York 
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Goodrich  Conveyor  Belt 

Lowest  cost  per  ton 
of  material  handled 

Buying  a  belt  by  its  first  cost  is  like  looking  through  the 
wrong  end  of  a  telescope — the  cost  merely  looks  small. 

The  whole  matter  of  buying  conveyor  belting  should  sift 
do¥m  to  this  one  bed-rock  point :  "  How  much  will  it 
cost  me  per  ton  of  material  handled." 

You  may  not,  of  course,  know  from  personal  experience 
that  Goodrich  Conveyor  Belts  cost  least  per  ton  of  mate- 
rial handled — but  you  can  be  guided  by  the  records  of 
this  belt  in  the  hands  of  others  in  your  particular  line. 

That  is  what  we  are  prepared  to  send  you — the  records  of 
this  belt  in  the  service  of  others  in  your  line.  We  will 
also  send  you  a  sample  of  the  belt,  and  our  booklet  ex- 
plaining its  construction — you  will  be  glad  that  you  sent 
for  all  ttiree.    Write : 

THE  B.  F.  GOODRICH  CO^  Akron,  Ohio 

Largest  in  the  world 


The  Roessler  &  Hasslacher 
Chemical  Company 

Work.  100  William  Street 

PERTH  AMBOY.  HEW  JERSEY  NEW  YORK 


Cyanide  98-99% 

(Old  standard)  39%  Cyanogen. 

Cyanide  of  Sodium  j28-j3o% 

(New  standard)  52%  Cyano|:en. 
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Mining  Transits  and  Levels 

The  '^Buff ''  is  the  simplest  instrument  to 
take  apart  in  the  field — for  lubricating 
centers  or  cleaning. 

Send  for  Catalog  No.  33 

BUFF  &  BUFF  MFG.  COMPANY 

Jamaica  Plain  Station,  MASS. 


Diamond   Drills 

Machines  of  all  Capacities 

Product  of  over  35  years'  Experience 

Take  out  a  Solid  Core 

Bore  at  Any  Angle 

American  Diamond  Rock  Drill  Co. 

90  WEST  STREET  NEW  YORK 

SeDd  for  Catalog  a6  M 


ACCURACY  IN  MEASUREMENTS 

is  best  obtained  through  the  use  01 

fUFKIN 

MEASURING  TAPES 

^  The  more  severe  the  test,  the  better  their  showing. 
For  sale  by  all  dealers.    Send  for  Catalogue. 

THE^ffmiffi/LEQo.  ^mium.  mich..  u.  s.  a. 

NEW  YORK  LONDON,  CNO.  WINDSOR,  CAN. 


CONVEYOR  BELTING 

YOU    WILL  OCT   LONG.    HARD   SCRVICC   OUT  OP  OUR    BCLTINQ,    BCCAU8C 
WC    PUT   SO    MUCH    QUALITY    INTO    IT. 

RIDCWAY'S    HINGC    CDQC    BELT   FOR   TROUGH    CONVCYINQ   IS    MADE    SY 
US    EXCLUSIVELY. 

WE     ALSO     MAKE     BELTING     FOR     BUCKET     CONVEYORS.    AND     REGULAR 
STYLES   OP  CONVEYOR   BELTING. 

Write  for  descriptive  matter,  prices,  etc. 

QUAKER    CITY   RUBBER    COMPANY 


Philadelphia         Chicago 
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BEER,  SONDHEIMER  &  CO. 

Fran kfort-on- Main,  Germany 

NEW   YORK  OFFICE       -       -       42  BROADWAY 

Zinc  Ores,  Carbonates,  Sulphides  and  Mixed  Ores,  Copper  Ores, 
Copper  Matte,  Copper  Bullion,  Lead  Ballion,  Lead  Ores,  Antimony 
Ores,  Iron  and  Manganese  Ores,  Copper,  Spelter,  Antimony,  Anti- 
monial  Lead,  Sulphate  of  Copper,  Arsenic,  Zinc  Dust. 

Own  Smeltinsr  and  Reflninsr  Works 


L  VOGELSTEIN  &  CO. 

42  BroMiway  NEW  YORK 

BUYERS,  SMELTERS 
AND  REHNERS  OF 

Oros  and  Kllotals  of  All  ClasBos 

Affents  for: 
Aron  Hirsch  &  Sohn,  Halbentadt,  Qermany. 

United  States  Metala  Refinlnc  Co^  Chrome,  N.J.  and  QraseelH,  Ind. 
American  Zinc,  Lead  &  Smelting  Co.,  Caney  and  Dearlns,  Kanaaa. 
Kansas  Zinc  Co.,  La  Harpe,  Kansas. 
The  Electrolytic  Refining  &  Smelting  Co.  of  Australia,  Ltd.,  Port  Kembla,  N.  S.  W. 


^^0%   Chicago-Rawhide 

i^^W  Pinions 


Th*  l>«at  tliat  aelacted  material  and  carsful 
woriananahip  can  produce 


T:'.'A!l,i..,'.i.rtl'in  i 

The  Chicago  Rawhide  Mfg.  Co. 


1301  Ekton  Avenue  CHICAGO,  ILL. 


A  Parable  Metal  Coating  for  all  Metallic  Surfaces 

SEMPLE'S  BLACK  OXIDE  PAINT 
LASTS  FROM  6  TO  10  YEARS 

Air,  acid  and  water  proof.  Sulphur  water  does  not  feaze  it.  Kills  rust 
already  formed  and  prevents  rust  formation.  Dries  readily  when  applied 
to  dry  or  wet  surfaces  and  will  not  run  when  surface  is  frosty.  Bakes 
fast  to  hot  stacks. 

PRICE  $1.00  PER  GALLON. 

Manufactured  by 

E.tiu>u.hed  .8^.  F.  G.  SEMPLE,  South  Bethlehem,  Pa. 
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MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALUS-CHALMERS  COMPANY 

Mllwauic««,  WIsoonsin. 

MINING  MACHINERY  of  Every  Type.    Complete 
Power  and  Electrieml  BquipmenU. 


6PIRAL 

RIVETED 

PIPE 

AMERICAN  SPIRAL  PIPE  WORKS 

Chicago,  Hi. 
Spiral  Riveted  Pipe  Especially  Suited  for  Water  Supply 
Lines  for  Mines,  Mills,  Hydraulic  Operations,  Hydio- 
Electric  Plants,  Dredging,  etc. 

CORE 
DRILLS 


AMERICAN  DIAMOND  ROCK  DRILL  CO. 

90  WMt  St.,  N«w  York 

DIAMOND    DRILLS,    Machines    of  all    capacities. 
Take  out  solid  core.    Bore  at  any  angle. 


ANSON  G.  BEHS 

NEW 

Troy.  N.Y. 

Electrolytic    Lead    Refining;      Zinc    Recovery   from 

PROCESSES 

Complex   Ores;      Laboratories   for  Metallurgical  Re- 

search. 

BUCKEYE 

STEAM 
ENGINES 


BUCKEYE  ENGINE  CO. 

Sal«m,  Ohio. 

Buckeye  Engines  are  reliable  because  of  the  simplicity 
of  design  and  ease  with  which  they  are  operated  in 
either  connected  or  belted  service.  When  in  need  of 
power  write  us. 


PUMPS 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  Now  York. 

CAMERON  VERTICAL  PLUNGER  SINKING 
PUMPS,  for  shaft  sinking.  CAMERON  HORIZON- 
TAL PLUNGER  STATION  PUMPS,  for  handUn^ 
gritty  water. 
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CHICAGO  PNEUMATIC  TOOL  CO. 


Chicago. 


N«w  York. 


London. 

AIR  COMPRESSORS,  ROCK  DRILLS,  HAMMER 
DRILLS,  PNEUMATIC  HAMMERS,  ELECTRIC 
«nd  PNEUMATIC  DRILLS  and  APPLIANCES. 


AIR 

COMFRCSSORI 

PNEUMATIC 

TOOLS  AND 

APPLIANCES 


THE  CHICAGO  RAWHIDE  MFG.  CO. 

1301   Eiston  Avo.,  Chioago,  III. 
BELTING,  Lace   Leather,  Rawhide  Rope,  Rawhide 
Malleta  and  Hammera,  Hsrdraulic  Packing. 
WE    ORIGINATED    THE    RAWHIDE    PINION. 


MECHANICAL 

LEATHER 
SPECIALTIES 


CHROME  STEEL  WORKS 

Chroma,  N.  J. 

SHOES 

Adamantine   Chrome   Steel    SHOES    and    DIES    for 
Stamp   MiUa.     CANDA    SELF-LOCKING    CAMS; 
TAPPETS;  BOSSHEADS;  CAM  SHAFTS;  STAMP 
STEMS. 

AND 
DIES 

THE  DENVER  FIRE  CLAY  CO. 

Danvar,  Colo.  Salt  Laka  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIFIERS,  Muffles,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  Cata- 
logue. 


ASSAYERS 

AND 
CHEMISTS 
SUPPLIES 


DENVER  ROCK  DRILL  &  MACHINERY  CO. 

Danvar,  Colo. 

PUMPING  MACHINERY,  BOILERS  and  EN- 
GINES, GASOLINE  ENGINES,  MINING  MACHI- 
NERY, COMPLETE  POWER  PLANTS. 


ROCK   DRILLS 

AIR 

COMPRESSORS 

HOISTS 

ETC. 


GENERAL  ELECTRIC  CO. 

Sohanaetady,  N.  Y. 

ELECTRIC  MINE  LOCOMOTIVES.     ELECTRIC 
MOTORS  for  Operating  Mining  Machinery. 


ELECTRIC 

MINE 

LOCOMOTIVES 
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CLCCTRIC 

GOODMAN  MANUFACTURING  CO. 

COAL  CUTTERS 

Chicago,  Illinois. 

MINE 
LOCOMOTIVES 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 
POWER  PLANTS. 

CONVEYOR 
BELTS 


THE  B.  F.  GOODRICH  CO. 

Akron,  Ohio. 

Goodrich  "Longlife"  ••Economy"  &  ••Grainbelt"  CON- 
VEYOR BELTS  will  handle  more  tons  per  dollar  of 
cost  than  any  other  belts  made. 


PERFORATED 
METALS 


HARRINGTON  &  KING  PERFORATING  CO. 

621  North  Union  St.,  Now  York  Offleo : 

Chicago,  III.,  U.  S.  A.  114  Liborty  St. 

Manufacturers  of  Perforated  Metal  Mining  Screens  of 
every  description,  and  for  screens  of  all  kinds. 

See  advertisement  on  pai^e  4. 


SPELTER 

ILLINOIS  ZINC  CO. 

SHEET  ZINC 

Poru,  III. 

SULPHURIC 

Manufacturers  of   SPELTER,    SHEET    ZINC    and 

ACID 

SULPHURIC  ACID. 

COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  Now  York. 

••Return-Air"  Pumps,  Coal  Shearers,  Pneumatic  Hoists, 
••Electric-Air"  Drills,  Coal  Punchers,  Pneumatic  Tools, 
••Calyx"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


ROCK 
DRILL   STEEL 

HOLLOW 
SOLID 


INTERNATIONAL  HIGH  SPEED  STEEL  CO. 

Now  York  City. 

Sole  Importers  ot  the  Celebrated  ••BULLDOG" 
BRAND  HOLLOW  AND  SOLID  ROCK  DRILL 
STEEL. 
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THE  JEFFREY  MFG.  CO. 

Columbus,  Ohio. 

COAL 

Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Convenors,  Pans,  Hoists, 
Pumps,  etc. 

MINING 
MACHINERY 

LEAD  LINED  IRON  PIPE  CO. 

Wakofleld,  Mass. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — for  Acids  and  Corrosive  Waters. 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 


A.  LESCHEN  &  SONS  ROPE  GO. 

IM  BVaiKIM  H  TBAM 

NtwYtrfc     Chlcsgo       St.  Louis,  Mo.  Denvtr 

Producing  WIRE!  ROPE  of  qualities  and  construction 
ad^ted  to  every  condition  of  wire  rope  service,  includ- 
ing the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  constructions.  Systems  of  Aerial 
Wire  Rope  Tramways  for  the  economical  transportation 
of  any  material. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


THE  LODWIC  CONCENTRATOR  CO. 

Los  Angoios,  Cal. 

Manufacturers   of   LODWIC     CONCENTRATORS. 
Write  us  for  information,  prices  and  terms. 


LODWIC 
CONCENTRATOR 


MACOMBER  &  WHYTE  ROPE  CO. 

Chloago,  III. 


New  York        Flttoborr        KanMM  aty        Seattle         Portland 

Manufacturers  of  High  Grade  Wire  and  Wire  Rope  for 
every  purpose.  Sole  makers  of  Patent  Kilindo  Non- 
routing,  "Monarch"  and  MacWhyte  Wire  Ropes. 
Lawson  Looped  Section  Tramways. 


WIRE   ROPES 

AERIAL 
WIRE  ROPE 
TRAMWAYS 

BLOCKS   FOR 
WIRE  ROPE 


MASHEK  ENGINEERING  CO. 

90  West  St.,  Now  York. 
Complete  plant  equipments  4,  8, 16  and  35  tons  of  a  to 
3  oa.  smokeless  and  odorless  briquettes  per  hour.   Com* 
plete  plants  designed  and  erected. 


BRIQUETTING 
MACHINERY 
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ELECTRICAL 

COAL 

MINING 

MACHINERY 


MORGAN-GARDNER  ELECTRIC  CO. 

Chlcagoi  III. 
ELECTRICAL    COAL     MINING     MACHINERY, 
ELECTRIC  MINE   LOCOMOTIVES,  DYNAMOS, 
SWITCH  BOARDS  and  MINE  SUPPLIES. 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 


OTIS  ELEVATOR  COMPANY 

Ei«v«nth  Avtt.  and  Twenty- Sixth  St.,  N«w  York. 

OPPICCS   IN   ALL  PRINCIPAL  CITIES   OP  THE  WORLD. 

Build  and  erect  all  types  of  Freight  and  Passenger  Ele- 
vators— for  all  kinds  of  power; — including  Furnace 
Hoists,  Inclined  Railways,  and  Special  Hoisting  Equip- 
ments and  Machines  for  Mining  use.  Correspondence 
invited. 


CONVEYOR 
BELTIi^G 


QUAKER  CITY  RUBBER  COMPANY 

Philadelphia,  Pa. 

We  are  the  sole  manufacturers  of  tlidgway  patsnted 
Hinge  Edge  Belt  for  trough  conveying.  We  also  manu* 
facture  regular  styles  of  Conveyor  Belt.  Belting  for 
Bucket  Elevators  a  specialty.  Tell  us  your  belting 
problems. 


ROBINS 

BELT 

CONVEYORS 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Park  Row,  Naw  York. 

Messiter  ORE  BEDDING  Systems— FURNACE 
FEEDERS;  SORTING  BELTS,  and  many  other 
special  applications  of  what  was  the  Pioneer  and  is  the 
Standard  Belt  Conveyor;  Coal  Handling  Systems; 
Electric  Locomotives ;  Hoisting  Machinery. 


WIRE 
ROPE 


JOHN  A.  ROEBUNG'S  SONS  CO. 

Tranton,  N.J. 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 
agencies  and  branches  throughout  the  country. 


POSITIVE 

PRESSURE 

BLOWERS 

VACUUM  AND 
ROTARY  PUMPS 

GAS 
EXHAUSTERS 


P.  H.  &  F.  M.  ROOTS  CO. 

Conn«rsvilitt,  Ind. 

Manufacturers  of  the  Roots  Positive  Pressure  Blowers 
for  Smelting,  Foundry  and  Filtration  Work.  Write 
for  Catalogue. 
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METALLURGICAL  EQUIPMENT 


F.  G.  SEMPLE 

S«uth    B«thl«httm,  Pa. 
Mtnufacturer  of  SEMPLE'S  BLACK  OXIDE  PAINT. 
A  DURABLE  metal  coating  for  all  metallic  surfaces. 
Price  $i.oo  per  gallon. 


SEMPLE'S 
BLACK 
OXIDE 
PAINT 


STURTEVANT  MILL  CO. 

Boston,  Mass. 

STURTEVANT  Steel  Plate  Crushers,  Balanced  Rolls, 
Ring-Roll  Pulverizers,  Newaygo  Screens,  Laboratory 
Crushers,  Rolls  and  Screens. 


CRUSHING 

GRINDING 

SCREENING 

MACHINERY 


SULLIVAN  MACHINERY  CO. 

Railway  Exchango,  Chioago,  III. 

Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Pans. 


ROCK  DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


VULCAN  IRON  WORKS 

WilkoB-Barro,  Pa. 

Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Hoist- 
ing and  Haulage  Engines,  Mining  Machinery,  etc. 
Nicholson  Device  for  Prevention  of  Overwinding. 


MINE 
HOISTS 


WESTINGHOUSE  ELECTRIC  &  MFG.  CO. 

Pittsburg,  Pa. 

ELECTRIC 

The  Westinghouse  EQUALIZER  HOISTING  SYS- 

HOISTS 

TEM  will  solve  your  hoisting  problems. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Wavoriy  Park,  Nowark,  N.J. 

Weston  EcUpse  AMMETERS,  MILLIAMMETERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 


AMMETERS 

AND 

VOLTMETERS 
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ALDRIDGE,  WALTER  H. 

ContuUinr  Mining  and 
MctAUttrirlcal  Engineer 

604  Central  Bldg.    LOS  ANaSLES,  OAL. 

GARZA-ALDAPE,  J.  M. 

Mining  and  MetallBrgioai  Englaeer 

Address  :  Calle  de  Rodrigues  No.  5 
(P.  0.  Box  No.  225) 

TORREON-COAHUILA-MEXiCO 

ARMSTEAD.  Henry  Howell 
Consilting  Engineer 

20  Broadway 

NEW  YORK 

Apartado  65,  Guanajuato,  Mexico 

6REENE,  FRED  T. 

BEATTY,  A.  CHESTER 

Contttltlng  Mining  Engineer, 
71  Broadway, 

NEW  YORK,  N.  Y. 

Cable  Addiesi: 

Onnttlc. 

HALL,  EDWIN 

LUSK,  WYOMING 

Mining  Engineer.  Wyoming  Oils  and 
Copper  a  specialty 

BREWER,  WM.  M. 

P.  0.  Box  701.              VICTOBIA,  B.  0. 

Connected  witli  the  Tyee  Copper  Co.,  Ltd. 

HAMMOND,  JOHN  HAYS, 

Consnltlng  Engineer, 
71  Broadway,              NEW  YORK. 

CHANNINB,  J.  PARKE 

CoBSttlting  Engineer, 
43  Broadway,              NEW  YORK. 

HANKS.  ABBOT  A. 

Clienilst  and  Assayer 

Established  x866 

Control  and  Umpire  Assayv,  Superri- 
Bion  of  Sampling  at  Smelters,  Chemical 
Analyses    of  Ores,    Minerals,    Mineral 
Waters,  etc. 

€30  benmeito  8t    San  Franoisos,  Gal. 

COULDREY,  PAUL  S. 

Mining  Engineer 

General  Superintendent 
Cbkko  db  Pasco  Mining  Co. 

CERRO  de  PASCO,  PERU 
SOUTH  AMERICA 

TRANSACTIONS  OP  THE 

American  Instittste  of  Mining  Enginaen* 

COLLECTIVE  CfDEXES 
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Afabtado  No.  8 

HAWXHURST,  ROBERT,  Jr. 
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LONDON.  E.  C  EN6LAND 

Cable  Address :— Hawxhurst,  Lonoom 
UstuU  Codes 

LEDOUX  &  COMPANY 

Assayert  and  Samplers 

99  John  Street,            NEW  YORK 

Independent  Sampling  Works 

New  York  and  Jersey  City 

Bepresentatives  at  all  refineries  and 

smelters  on  Atlantic  seaboard 

HOYLE,  CHARLES 

Miiimg  EngMsaTf 

Apartado  8,  £1  Oro, 
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LOWE.  HENRY  P. 

Consulting  and  Mining  Engineer, 
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JENNINGS,  E.  P. 
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607  Newhome  Building, 
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Mines  Management  Company 
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KLEPETKO.  FRANK 

CowuKing  Engioeer 
Mluiog  and  Metallurgy 
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MYERS.  DESAIX  B. 

Mining  Engineer 

321  Story  Building 

LOS  ANGELES 
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Mining  Engineer 
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RICKETTS  &  BANKS. 
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The  Heaviest  and  Most  Powerful  Locomo- 
tive Ever  Constructed  for  Mine  Haulage. 


Jeffrey  Twenty-five  Ton 
Electric  Haulage  Locomotive* 


Locomotives  of  this  type  are  equipped  with  three  ball-bearing 
motors  of  sufificient  capacity  to  slip  the  wheels  for  an  in- 
definite period  without  overheating  any  part  of  the  motor. 

Designed  throughout  to  withstand  the  most  severe  service  to 
which  mine  locomotive  are  subject. 

The  frames  of  these  locomotives  are  constructed  of  solid 
steel  plates  securely  bolted  together,  making  them  practically 
indestructible  and  eliminating  the  possibility  of  broken  side 
and  end  frames,  as  well  as  insuring  the  motorman  and  trip 
rider  against  serious  injuries. 

Write  for  Bulletin  1 7,  illustrating  and  describing  the 
various  types  of  locomotives  manufactured  by  us. 

The  Jeffrey  Manufacturing  G>mpany 

COLUMBUS,  OHIO 


New  York 
Boston 


Montreal 
Pittsburgh 


Charleston,  W.  Va. 
Atlanta,  Ga. 


Birmingham 
Chicago 


St.  Louis 
Denver 


Seattle 


Digitized  by 


Google 


Bequest  of 
Hrasmus  Darwin  Leavttt* 

BULLETIN  OF  THE 

AMERICAN  INSTITUTE  OF 

MINING  ENGINEERS. 


No.  68  AUGUST  1912 

PUBLISHED  MONTHLY       • 
BY  THS  AMERICAN  INSTITUTE  OP  MINING  ENGINEERS 
at  134  to  laS  N.  Seventh  St.,  Philadelphia,  Pa. 
Quy  R.  Overend,  Publication  Manager. 
Editorial  Office,  99  West  39th  St..  New  York,  N.  Y. 
JOSEPH  STRUTHBRS,  Ph.D.,  Editor. 
Cable  addreea.  **  Aime,"  Western  Union  Telegraph  Code. 
Snbacriptlon  (including  postage),  $10  per  annum;  to  membera  of  the  Institute,  public 
libraries,  educational  institutions  and  technical  societies,  $s  per  annum. 

Single  copies  (including  postage),  $1   each ;   to  members   of  the  Institute,  public 
libraries,  etc.,  50  cents  each. 

Entered  as  second  class  matter,  October  x6,  X91X,  at  the  post  office  at 
Philadelphia,  Pa.,  under  the  Act  of  March  3,  1879.' 


TABLE   OF   CONTENTS. 

SECTION  I.     INSTITUTE  ANNOUNCEMENTS.  paos 

list  of  Officers  and  Committees  for  the  Year  Ending  February,  1913,     .  11 

Institute  AnnoancemenU, y 

Library, zii 

Membenhip xix 

SECTION  II.     TECHNICAL  PAPERS. 

[The  American  Institute  of  Mining  Engineers  does  not  assume  responsibilitj 
for  any  statement  of  fact  or  opinion  advanced  in  its  papers  or  discussions.] 

liTo.  1.     The  Treatment  of  Complex  Silver-^re  at  the  Lucky-Tiger  Mine,  El 

Tigre,  Sonora,  Mexico.     By  D*.  L.  U.  Forbes,    ....     769 

No.  2.  Alaska  Coal-Land  Problems.  By  H.  Foster  Bain.  With  Discus- 
sion by  R  W.  Baymond  and  William  H.  Hampton,    .        .        .811 

No.  3.    The  San  Nicollu  Mining  District,  San  Nicol&s,  Tamaulipas,  Mexico. 

By  Lrvino  H.  Wentworth, 843 

No.  4.     Gold-Mines  in    Southern  Colombia.      By  Fortunato  Pereira 

Gamba, 853 

No.  5.  The  Occurrence  of  Silver-,  Copper-,  and  uead-Oree  at  the  Veta  Bica 
Mine,  Sierra  Mojada,  Coabuila,  Mexico.  By  Frank  R.  Van 
Horn, 867 

No.  6.     Vanadium  in  Pig-Iron.    By  Porter  W.  Shimer,  .  .883 

No.  7.     Discassion  of  Mr.  Young* s  paper,  Slime-Filtration.     By  Askin  M. 

Nicholas, 887 

All  communications  concerning  the  contents  of  this  Bulletin  should  be 
addressed  to  JOSEPH  STRUTHERS,  Ph.D.,  Secretary  and  Editor,  29  W. 
39th  St.,  New  York,  N.  Y.  r"  T 

Digitized  by  LjOOQ  IC 


ii  Monthly  Bullbtin,  No.  68,  August,  1912. 

OFFICERS. 

For  the  year  ending  February,  1913. 

COUNCIL.* 

President  of  the  Council. 

JAMES  F.  KEMP New  York,  N.  Y. 

(Term  expires  February,  1918.) 

Vice-Presidents  of  the  Counch.. 

8.  B.  CHEISTY Berkeley,  Gal. 

R.  V.  NORMS Wilkes-Barre,  Pa. 

GARDNER  F.  WILLIAMS Washington,  D.  C. 

(Term  expires  Febmary,  1913.) 

KARL  EILERS JJew  York,  N.  Y. 

WALDEMAR  LINDGREN Washington,  D.  C. 

BENJAMIN  B.  THAYER New  York,  N.  Y. 

(Term  expires  February,  1914.) 

COXTNCILORS. 

ROBERT  E.  JENNINGS New  York,  N.  Y. 

WILLIAM  KELLY Vulcan,  Mich. 

HENNEN  JENNINGS New  York,  N.  Y. 

(Term  expires  February,  1918.) 

A.  R  CARLTON Cripple  Creek,  Coixk. 

W.  J.  OLCOTT DuLUTH,  Minv. 

B.  L.  YOUNG New  YcteK,  N.  Y. 

(Term  expires  February,  1914.) 

JOHN  H.  JANEWAY,  Jr New  York,  N.  Y.. 

SIDNEY  J.  JENNINGS New  York,  N.  Y. 

JOSEPH  W.  RICHARDS South  Bethlehem,  Pa.. 

(Term  expires  February,  1915.) 

Secretary  of  the  Council  and  Editor. 

JOSEPH  STRUTHER8,  29  W.  89th  St New  York,  N.  Y. 

(Term  expires  February,  1913.) 

Secretary  Emeritus  of  the  Council. 

R.  W.  RAYMOND New  York,  N.  Y.. 

CORPORATION. 

JAMES  F.  KEMP,  President;  EDMUND  B.  KIRBY,  Vice-Pwsident ; 

FRANK  LYMAN,  Treasurer ;  GEORGE  C.  STONE,  Secretaiy ; 

JOSEPH  STRUTHERS,  Assistant  Secretary  and  Assistant  Treasurer. 

Diregtors. 

JAMES  GAYLEY,  CHARLES  KIRCHHOFF,  FRANK  LYMAN. 
(Term  expires  February,  1918.) 

JAMES  DOUGLAS,  JAMES  F.  KEMP,  ALBERT  R.  LEDOUX. 

(Term  expires  February,  1914.) 

EDMUND  B.  KIRBY,  CHARLES  F.  RAND,  GEORGE  C.  STONE. 

(Term  expires  February,  1915.) 

Consulting  Attorneys,  Blair  <&  Rodd,  New  York,  N.  Y. 

*  Secretary's  Note.— The  Council  is  the  professional  body,  having  charge  oF 
the  election  of  members,  the  holding  of  meetinffs  (except  business  meetinss),  and 
the  publication  of  papers,  proceedings,  etc  The  Board  of  Directors  is  tne  body 
legally  responsible  for  the  business  management  of  the  Corporation. 


Digitized  by 


Google 


American  Institute  of  Minis  a  Engineers.  iii 

COMMITTEES. 

For  the  year  ending  February,  19 13. 
COUNCIL. 

Membership : — Joseph  Struthers,  Karl  Eileri,  Sidney  J.  Jennings,  Benjamin  6. 
Thayer,  John  H.  Janeway,  Jr. 

PublieaHon* :— Joseph  Struthers,  Chairman;  David  W.  Brunton,  Samuel  B. 
Christy,  Albert  L.  Colby,  Nathaniel  H.  Emmons,  Charles  H.  Fulton,  James 
Oayley,  H.  O.  Hofman,  Henry  M.  Howe,  Walter  R.  Ingalls,  James  F.  Kemp, 
R  V.  Norris,  Edward  D.  Peters,  Roasiter  W.  Raymond,  Joseph  W.  Richards, 
Robert  H.  Richards,  Albert  Sauveur,  Henry  L.  Smyth,  Arthur  L.  Walker. 

Iron  and  SUel  IHvision: — Charles  Kirchhoff,  Chairman;  Charles  F.  Rand,  Viee^ 
Chairman;  Bradley  Stoughton,  Secretary;  John  Birkinbine,  James  Qayley,  Heniy 
D.  Hibbard,  Henry  M.  Howe,  Robert  W.  Hunt,  Julian  Kennedy,  Charles  K. 
Leith,  Richard  Moldenke,  Joseph  W.  Richards,  Albert  Sauveur,  F.  W.  C. 
Schniewind,  A.  A.  Stevenson,  Felix  A.  Vogel,  Leonard  Waldo,  William  R. 
Webster. 

CORPORATION. 

Finance : — Charles  F.  Rand,  James  Gayley,  George  C.  Stone. 

Library : — James  F.  Kemp,  Charles  KirchhofiP,  George  C.  Stone. 

Land  Fund: — James  Douglas,  Chairman ;  Theodore  Dwight,  TVeaturer;  T.  F. 
Cole,  Anton  Eilers,  James  Gayley,  John  Hays  Hammond,  Charles  Kirchhoff, 
Albert  R.  Ledoux,  Frank  Lyman. 


INSTITUTE  REPRESENTATIVES. 

United  Engineering  Society  Trustees: — Joseph  Struthers  (1913),  Theodore  Dwight 
(1914),  James  F.  Kemp  (1915). 

Joint  Ooirference  OommiUee  of  the  Four  National  Engineering  Societies: — James 
F.  Kemp,  Joseph  Struthers. 

John  Fritz  Medal  Board  of  Award:— E.  Gybbon  Spilsbury  (1913),  R.  V.  Norris 
(1914),  Charles  Kirchhoff  (1916),  J.  F.  Kemp  (1916). 

American  Association  for  the  Advancement  of  Science : — H.  O.  Hofman,  John  D. 
Lrving. 

Eighth  International  Congress  of  Applied  Chemistry^  New  Yorkj  September^  1912  : — 
William  L.  Saunders,  George  C.  Stone. 

Sixth  Congress  of  the  International  Association  for  Testing  Materials^  September^ 
1912 :— Robert  Forayth. 

Committee  No.  24,  InterruUional  Association  for  Testing  Materials: — Henry  D.  Hib- 
bard. 

International  Engineering  Congress,  San  Francisco,  1915  : — Samuel  B.  Christy, 
William  C.  Ralston,  Edwin  T.  Blake. 

Kelvin  Memorial  Committee:— J nmes  F.  Kemp,  Samuel  B.  Christy,  James  Doug- 
las, Joseph  Struthers. 

Conference  to  Discuss  Patent  Laws: — A.  F.  Lucas, , . 


Digitized  by 


Google 


iv  Monthly  Bulletin,  No.  68,  August,  1912. 

Affiliated  Student  Societies. 

Any  society  of  undergraduates  at  a  technical  school,  comprising 
students  in  any  branch  of  engineering,  metallurgy,  chemistry,  geol- 
ogy, etc.,  may  be  recognized  by  the  Council  in  its  discretion  as  an 
Affiliated  Student  Society.  A  circular  giving  details  of  the  plan  of 
aflBliation  may  be  obtained  on  application  to  the  office  of  the  Sec- 
retary of  the  Institute. 

The  following  societies  have  been  placed  by  authority  of  the 
Council  on  the  above  list : 

Affiliated  Student  Societibs. 

The  Mining  Society  of  the  Sheffield  Scientific  School,  Yale  University,  New 
Haven,  Conn.     PregiaerU,  Karl  C.  Stadtmiller ;  Secretaryf  S.  B.  Gordy. 

The  University  of  Illinois  Student  Branch  of  the  American  Institute  of  Mining 
Engineers,  Champaign,  IlL    PredderUj  Leonard  V.  Newton  ;  Secretary^  L.  W.  Swett 

The  Engineering  Society  of  the  University  of  Nevada,  Beno,  Nev.  President^ 
D.  £.  Bruce ;  Secretary j  B.  M.  Seaton. 

The  University  of  Wisconsin  Mining  Club,  Madison,  Wis.  Presidentj  Budolph 
J.  Stengl ;  Secretary^  Mack  C.  Lake. 

The  Mining  and  Qeological  Society  of  Lehigh  University,  South  Bethlehem, 
Pa.     President,  William  E  Fairhurst ;  Secretary,  Carl  W.  Mitman. 

The  School  of  Mines  Society  of  the  University  of  Minnesota,  Minneapolis, 
Minn.     Preteident,  Emory  P.  Baker. 

The  Mining  Engineering  Society  of  the  Massachusetts  Institute  of  Technology. 
PreMent,  L.  B.  Duke ;  Seeretaryj  Lionel  H.  Lehmaier. 

The  Student  Auxiliary  Society  of  the  American  Institute  of  Minine  Enffineers 
of  the  University  of  Kansas,  Lawrence,  Kan.  President,  A.  H.  l^ingelsdorf ; 
Secretary,  C.  J.  Hainbach. 

The  Associated  Miners  of  the  University  of  Idaho,  Moscow,  Idaho.  PresideiUj 
James  W.  Gwinn ;  Secretary,  J.  Wallace  Strohecker. 

The  State  College  of  Washington  Mining  and  Geological  Society,  Pullman, 
Wash.    President,  H.  R  Doelle ;  Secretary,  B.  R.  Kinney. 

The  Tejas  Technical  Society,  School  of  Mines,  University  of  Texas.  Presi' 
dent,  G.  C.  Cartwright ;  Secretary,  David  S.  Alley. 

The  Ohio  State  University  Student  Branch  of  the  American  Institute  of  Mining 
Engineers,  Columbus,  Ohio.     President,  Hugh  B.  Lee  ;  Secretary,  E.  P.  Elliott 

The  Stanford  Geology  and  Mining  Society,  Stanford  University,  Cal.  President, 
B.  E.  Parsons ;  Secretary,  E  D.  Nolan. 

The  Senior  Minins  Society  of  Columbia  University,  New  York,  N.  Y.  Presidenty 
Roger  L.  Strobel ;  Secretary,  Clark  G.  Mitchell. 

Mining  Association  of  the  University  of*  California,  Berkeley,  CaL  Presi- 
dent, Frank  L.  Wilson  ;  Secretary,  Stanley  L.  Arnot. 

Tufts  College  Chemical  Society,  Tufts  College,  Mass.  President,  P.  G.  Savage ; 
Secretary,  W.  S.  Frost. 

University  of  Washington  Mining  Society,  Seattle,  Wash.  President,  Horace 
H.  Crary  ;  Secretary,  Clinton  R.  Lewis. 

Student  Branch  of  the  American  Institute  of  Mining  Engineers,  Iowa  State 
College,  Ames,  Iowa.     President,  M.  B.  Hadley  ;  Secretary,  R.  L.  Hurst 

Missouri  Mining  Association  of  the  Missouri  School  of  Mines,  Rolla,  Mo. 
President,  D.  L.  Forrester ;  Secretary,  J.  S.  Irwin. 

The  Pick  and  Shovel  Club  of  the  Case  School  of  Applied  Science,  Cleveland, 
Ohio.     President,  L.  B.  Riddle  ;  Secretary,  S.  C.  Stillwagon. 

Colorado  School  of  Mines  Scientific  Society,  Golden,  Colo.  President,  Alan 
Kissock  ;  Secretary,  George  Wilfley. 

Mining  Engineering  Society  of  the  University  of  Arizona,  Tucson,  Ariz.  Presi- 
dent, James  J.  Flanigan  ;  Secretary,  H.  O.  Coles. 
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INSTITUTE  ANNOUNCEMENTS, 

Special  Notice. 

The  Bulletin  is  now  entered  at  the  Post  Ofl&ce  at  Second-Class 
Postage  rate  of  one  cent  per  pound,  and  in  order  to  preserve  this 
privilege  it  is  necessary  that  the  dues  of  members  be  paid  within  four 
months  of  January  1  of  each  vear.  If  the  dues  are  not  paid  within 
the  period  mentioned,  a  member's  name  must  be  removed  from  the 
regular  subscription-list  and  the  Bulletin  mailed  at  the  transient 
second-class  postage  rate  of  one  cent  for  each  four  ounces  or  fraction 
thereof,  prepaid  by  stamps  affixed.  It  is  therefore  earnestly  re- 
quested that  dues  be  paid  promptly — otherwise  the  Institute  will 
be  put  to  additional  expense  of  postage  and  to  added  labor  in  re- 
moving and  replacing  names  from  the  regular  list,  and  in  maintain- 
ing an  additional  separate  mailing-list 


Adjourned  Annual  Business  Meeting  of  the 
Institute. 

At  the  Annual  Business  Meeting  of  the  Institute,  Feb.  20, 1912,  it 
was  voted  to  postpone  the  consideration  of  the  proposed  amend- 
ments to  the  Constitution  until  June  3,  1912,  and  the  meeting  ad- 
journed to  reconvene  on  that  date,  or  on  such  subsequent  date  as 
should  be  fixed  by  the  Special  Committee  of  Five  appointed  on 
Feb.  20,  and  the  Board  of  Directors  of  the  Institute,  actmg  jointly. 

Due  to  various  causes,  including  absence  of  two  members  of  tne 
Committee  in  Europe  for  two  months,  it  has  not  been  {>ossible 
for  the  Special  Committee  of  Five  to  complete  its  report  in  time  for 
preliminary  distribution  to  members  of  the  Institute,  and  considera- 
tion by  them  prior  to  June  3, 1912,  and  it  has  been  mutually  agreed 
by  the  Special  Committee  and  the  Board  of  Directors  to  postpone 
the  date  at  which  the  adjourned  meeting  shall  be  reconvened  from 
June  3, 1912,  to  Oct.  7, 1912.    * 


Nominating  Committee. 

At  the  meeting  of  the  Council,  June  28,  1912,  the  President  an- 
nounced the  appointment  of  the  following  Nominating  Committee 
to  present  names  for  officers  of  the  Institute  to  be  voted  upon  at  the 
Annual  Business  Meeting,  Feb.  18, 1913. 

Philip  N.  Moore,  St.  Louis,  Mo.,  Chairman, 

John  Birkinbine,  Philadelphia,  Pa. 

David  W.  Brunton,  Denver,  Colo. 

Seeley  W.  Mudd,  Los  Angeles,  Cal. 

Charles  P.  Perin,  New  York,  N.  Y. 

Arthur  L.  Walker,  New  York,  N.  Y. 
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Iron  and  Steel  Division. 

COMMITTEE. 

Charles  Kirch hoff.  Chairman, 

Charles  F.  Rand,  Vice'Chainnan. 

Bradley  Stoughton,  Secretary j  165  Broad waj.  New  York. 

John  Birkinbine,                 Robert  W.  Hunt,  F.  W.  C.  Schniewind, 

James  Guyley,                      Julian  Kennedy,  A.  A.  Stevenson, 

Henry  D.  Hibbard,              Richard  Moldenke,  Felix  A.  Voeel, 

Henry  M.  Howe,                 Joseph  W.  Richards,  Leonard  Waldo, 

Charles  K.  Leith,                Albert  Sauveur,  William  B.  Webster. 

The  following  revised  list  of  iron  and  steel  papers  will,  according 
to  present  indications,  be  presented  at  the  coming  meeting  of  the 
Institute,  to  be  held  in  Cleveland,  Ohio,  the  latter  part  of  October. 

Some  of  these  have  already  been  received  and  are  being  printed. 
They  will  be  sent  at  an  early  date  to  all  members  known  to  be  in- 
terested in  iron  and  steel,  and  will  be  sent  to  any  member  of  the 
Institute  applying  for  them.  The  same  procedure  will  be  adopted 
with  other  papers  received,  and  it  is  hoped  to  send  all  out  well  in 
advance  of  the  meeting,  so  as  to  secure  a  good  discussion,  the  pres- 
ent indications  being  that  a  number  of  prominent  iron  and  steel 
men  will  attend  the  meeting. 

Notes  on  RuflTs  Carbon-Iron  Equilibrium  Diagram,  by  Henry  M. 
Howe,  New  York,  N.  Y. 

The  Case-Hardening  of  Special  Steels,  by  Albert  Sauveur  and  G. 
A.  Reinhardt,  Cambridge,  Mass. 

The  Heat-Treatment  of  Steel,  papers  by  Henry  M.  Howe,  New 
York,  N.  Y. ;  R.  R.  Abbott,  and  Mark  Ammon,  Cleveland,  Ohio. 

The  Effect  of  Alumina  in  Blast-Furnace  Slags,  by  J.  E.  Johnson, 
Jr.,  Ashland,  Wis. 

Blowing-In  of  Blast-Furnaces,  by  Ralph  H.  Sweetser,  Columbus, 
Ohio. 

On  Blast-Furnace  Air-Pressures,  by  J.  E.  Johnson,  Jr.,  Ashland, 
Wis. 

The  Utility  of  Efficiency-Records  in  the  Manufacture  of  Iron,  by 
John  J.  Porter,  Staunton,  Va. 

A  Novelty  in  Open-Hearth  Steel-Furnace  Practice,  by  N.  E.  Mac- 
callum,  Phoenixville,  Pa. 

Notes  on  Titanium,  and  on  the  Cleansing-Effect  of  Titanium  on 
Cast-iron,  by  Bradley  Stoughton,  New  York,  N.  Y. 

Cuyuna  Iron-Ore  Range,  by  Walter  A.  Barrows,  Jr.,  Duluth, 
Minn. ;  and  Carl  Zapffe,  Brainerd,  Minn. 

Method  of  Surveying  and  Sampling  Diamond-Drill  Holes,  by  E. 
E.  White,  Glen  White,  W.  Va. 

The  Concentration  of  Iron-Ores,  by  N.  V.  Hansell,  New  York,  N.  Y. 

Iron-Ore,  by  D wight  E.  Woodbridge,  Duluth,  Minn. 

The  Concentrating-  and  Briquetting-Plant  of  the  Moose  Mountain, 
Limited,  by  Charles  E.  Hermann,  New  York,  N.  Y. 

The  Use  of  Schumacher  Briquettes  in  the  Johnstown  Blast-Fur- 
naces, by  Joseph  W.  Richards,  So.  Bethlehem,  Pa. 

Rational  Cupola-Practice,  by  Richard  Moldenke,  Watch ung,  N.  J. 

The  Manufacture  of  Coke,  papers  by  F.  E.  Lucas,  Sydney,  C.  B., 
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Canada ;  W.  H.  Blauvelt,  Syracuse,  N.  Y. ;  and  C.  W.  Andrews.,  Du- 
luth,  Minn. 

On  Mayari  Steel. 

The  Heat-Treatment  of  Steel-Castings,  by  C.  D.  Young,  RoUa,  Mo. 

Notes  on  the  Structure  of  Steel,  by  William  Campbell,  New  York, 
N.  Y. 

A  printed  list  of  members  interested  in  iron  and  steel  has  been 
sent  out,  with  requests  for  any  notes  for  either  change  or  correction 
thereof. 

The  Committee  has  been  much  gratified  by  the  many  answers 
received  to  its  recent  circular  letter  sending  out  these  lists  and 
asking  for  the  co-operation  of  the  members  of  the  Institute  inter- 
ested in,  or  concerned  with,  iron  and  steel. 


Reception  to  the  International  Association  for 
Testing  Materials. 

The  Sixth  CouRress  of  the  International  Association  for  Testing 
Materials  will  be  held  in  the  Engineering  Societies  Building,  26-33 
West  39th  Street,  Sept.  2  to  7. 

On  the  evening  of  the  opening  of  the  Congress,  Monday,  Sept. 
2,  from  nine  to  ten,  a  reception  will  be  tendered  to  the  Congress 
by  the  American  Society  for  Testing  Materials,  the  three  National 
Societies  housed  in  the  building,  viz.,  the  American  Institute  of 
Electrical  Engineers,  the  American  Society  of  Mechanical  Engi- 
neers, and  the  American  Institute  of  Mining  Engineers,  co-oper- 
ating. 

The  reception  is  in  charge  of  the  following  Committee : 

For  the  American  Society  for  TeeUng  Materials: 

Capt.  Bobebt  W.  Hunt,  PrendenU 
Mb.  John  Birkinbine,  Mb.  C.  C  Schnbideb, 

Cav.  Gaetano  Lanza,  Prop.  Albebt  Sauysub, 

Mr.  Qustay  Likdentral,  Mr.  £mil  Swbnnbon. 

Pbof.  Mansfield  Mebbiman, 

For  the  Ameriean  Institute  of  Electrical  Engineers  : 

Mb.  Kalph  D.  Mebshon,  President, 
Mb.  C.  O.  Maixloux,  Dr.  Clayton  H.  Sharp, 

Mb.  John  W.  Lieb,  Jb.,  Dr.  Samuel  W.  Stratton. 

For  the  American  Society  of  Mechanical  Engineers : 

Db.  Alex.  C.  Humphbeys,  President 
Col.  E.  J>.  Meieb,  Mb.  H.  G.  Stott, 

Major  Wm.  H.  Wiley,  Mb.  Edward  Van  Winkle. 

For  the  American  Institute  of  Mining  Engineers : 

Pbof.  James  F.  Kemp,  President. 
Mb.  Chables  Eibchhoff,  Mr.  R  Gybbon  Spilsbuby, 

Pbof.  Joseph  W.  Richards,  Dr.  Leonard  Waldo. 

The  reception  will  be  formal,  evening  dress  being  expected. 

On  this  occasion  the  rooms  of  the  various  Societies  on  the  diflTerent 
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floors,  together  with  the  library,  auditorium,  etc.,  will  be  thrown 
open  for  the  inspection  of  the  guests. 

In  addition  to  the  general  reception  on  the  first  floor,  there  will 
be  a  welcome  extended  to  the  visitors  by  each  Society  in  its  own 
rooms. 

All  members  of  the  Institute  and  ladies  are  cordially  invited  to 
attend. 


Eighth  International  Congress  of  Applied 
Chemistry. 

The  Eighth  International  Congress  of  Applied  Chemistry  will  be 
held  at  Washington,  D.  C,  and  New  York,  Sept.  4  to  13,  1912. 
Joint  sessions  of  the  American  Institute  of  Mining  Engineers  and 
Sections  III,  Ilia,  of  the  Congress  are  to  be  held  at  Columbia  Uni- 
versity, New  York,  Sept.  6  and  7.  The  papers  for  the  joint  ses- 
sions will  be  presented  according  to  the  following  provisional 
program. 

Contributed  by  the  Congress. 
Friday,  Sept.  6. 
10:00  A.M. 
Section  III,  Ilia,  Mining  and  Metallurgy. 

R.  Adan :  Micrographie  des  Fontes  Speciales  de  Fer. 

J.  A.  Matthews :  Some  Physical  Characteristics  of  High-Speed 
Tool-Steel. 

E.  B.  Cook :  Further  Experience  with  the  Gay  ley  Dry-Air  Blast. 

R.  B.  Carnahan :  Open-Hearth  Steel-Practice. 

A.  Raman  :  Improvements  on  Kilns  for  Briquetting  Iron-Ores. 

A.  Weiskopf:  (1)  Ueber  den  gegenwaertigen  Stand  der  Eisen- 
erzbrikettierung.  (2)  Einfluss  von  Eisenerz  briketts  auf  den  wirth- 
sehuflichen  Betrieb  des  Hochofens. 

A.  S.  Dwight:  The  Dwight  &  Lloyd  Process  of  Roasting  and 
Sintering. 

A.  Lidoflf:  Iron  Coke. 

1:00  P.M. 
Section  III,  Ilia,  Mining  and  Metallurgy. 

E.  P.  Mathewson :  Development  of  the  Reverberatory  Furnace 
for  Smelting  Copper-Ores. 

F.  Laist :  Chemistry  of  the  Reduction-Processes  in  Use  at  Ana- 
conda, Mont. 

Utley  Wedge :  Roasting  Copper-Ores  and  Concentrates  Prelimi- 
nary to  Leaching,  to  Secure  Copper- Values. 

W.  M.  Corse :  Modern  Manganese-Bronze  Tests. 

Robert  C.  Canby:  Development  of  the  American  Water-Jacket 
Lead  Blast-Fumace. 

F.  Cazin :  The  Evolution  of  the  Modem  Lead  Blast-Furnace. 

F.  Guiterman  :  Silver- Lead  Smelting. 
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E.  P.  Eurich  :  Zinc-Desilverization. 

Skinzopoulos :  Un  Nuovo  Processo  di  Panificazione  di  Stem 


e  Sabbie  di  zoffo  a  ganga  priva  di  calce  ed  Argille. 

Saturday,  Sept.  7. 

10:00  A.M. 

(Section  Xa,  Electro-Chemistry.) 

F.  A.  J.  FitzGerald :  Heat-Losses  in  Furnaces. 

C.  H.  Von  Bauer :  Electrolytic  Induction  and  Resistance  Fur- 
naces. 

A.  E.  Greene :  Electric  Furnaces  in  the  Metallurgy  of  Steel. 

P.  Heroult:  Recent  Developments  of  the  Electric  Steel-Furnace. 

A.  E.  Greene :  Electric  Heating  and  the  Removal  of  Phosphorus 
from  Iron. 

R.  Am  berg :  The  Function  of  Slag  in  Electric  Steel-Refining. 

F.  T.  Snyder:  The  Electric  Smelting  of  Zinc-Ore. 

J.  0.  Handy :  Extraction  of  Copper  from  Sulphide  Ores  by  Roast- 
ing, Leaching,  and  Deposition. 

L.  Addicks:  Cathode-Impurities  in  Copper-Refining  and  Their 
Sources. 

Contributed  by  the  Institute. 

(Time  and  place  not  yet  assigned.) 

Henry  M.  Howe,  New  York,  N.  Y. :  Notes  on  Ruflfs  Carbon-Iron 
Equilibrium  Diagram. 

N.  S.  Maccullum,  Phoenixville,  Pa. :  A  Novelty  in  Open-Hearth 
Steel-Furnace  Practice. 

Ralph  H.  Sweetser,  Columbus,  Ohio:  Blowing- In  of  Blast^Fur- 
naces. 

F.  E.  Lucas,  Sydney,  C.  B.,  Can. ;  W.  H.  Blauvelt,  Syracuse,  N.  Y. ; 
C.  W.  Andrews,  Duluth,  Minn.:  Manufacture  of  Coke. 

Bradley  Stoughton,  New  York,  N.  Y. :  Notes  on  Titanium,  and  on 
the  Cleansing-Effect  of  Titanium  on  Cast-iron. 

Walter  A.  Barrows,  Jr.,  Duluth,  Minn. ;  and  Carl  Zapffe,  Brainerd, 
Minn. :  Cuyuna  Iron-Ore  Range. 

Albert  Sauveur  and  G.  A.  Reinhardt,  Cambridge,  Mass.:  Case- 
Hard  ening  of  Special  Steels. 

William  Campbell,  New  York,  N.  Y.:  Some  Metallographic  Notes. 

H.  O.  Hofman  and  W.  Wanjukow,  Boston,  Mass. :  Decomposi- 
tion of  Metallic  Sulphates  at  Elevated  Temperatures  in  a  Current 
of  Dry  Air. 

J.  E.  Johnson,  Jr.,  Ashland,  Wis. :  The  Effect  of  Alumina  in 
Blast-Furnace  Slags. 

A  New  Volume  on  Ore-Deposits. 

Ore-Deposits — a  continuation  of  the  "  Posepny  "  Volume, 

Comprising  Papers  Descriptive  of  Ore-Deposits  and  Discussions  of 
heir  Origin,  Edited,  with  an  Introduction,  by  Dr.  S.  F.  Emmons. 
The  volume  contains  also  a  Biographical  Notice  of  Dr.  Emmons  by 
his  associate  and  friend.  Dr.  George  F.  Becker,  and  a  comprehensive 
Bibliographical  Index  of  the  Science  of  Ore-Deposits,  prepared  by 
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Prof.  John  D.  Irving,  of  the  Shefl&eld  Scientific  School  of  Yale  Uni- 
versity. Dr.  Emmons  had  finished  his  editorial  work  and  written 
his  Introduction  before  his  lamented  death  in  1910 ;  and  the  Volume 
contains  his  last  words  upon  the  subject  to  which  he  had  given  the 
work  of  his  life,  and  on  which  he  was  justly  regarded  as  the  foremost 
authority. 

Further  details  concerning  time  of  publication,  price,  etc.,  will 
follow.  

Library   Research- Work. 

The  attention  of  members  of  the  Institute  is  again  directed  to  the 
research-work  done  by  the  librarian  and  his  assistants,  which  should 
attract  special  attention  from  those  members  who  have  no  access  to 
the  literature  of  subjects  in  which  they  may  be  interested. 

During  the  year  1911  there  were  143  searches  made  for  members 
and  non-members  of  the  Founder  Societies,  and  copies  of  the  ref- 
erences have  been  preserved  for  the  use  of  others.  This  work  has 
been  largely  based  on  requests  sent  in  by  mail,  from  Japan,  South 
Africa,  Mexico,  Canada,  and  England,  as  well  as  from  different  parts 
of  the  United  States.  The  Librarian  is  confident  that  if  it  were 
more  widely  known  that  the  library  is  equipped  to  undertake  re- 
searches, the  demand  would  increase  beyond  the  ability  of  the 
present  force  to  handle  it.  The  library  receives  more  than  700  tech- 
nical periodicals  which  are  available  through  the  indexes  for  this 
special  purpose. 

Back  Volumes  of  the  Transactions. 

The  Board  of  Directors  has  authorized  the  following  offers  of  sets 
of  back  volumes  of  the  Transdctions,  at  considerably  reduced  prices, 
to  Members,  Libraries,  and  Scientific  Societies : 

Per  Set. 
I.  Five  volumes,  bound  in  half-morocco,  from  No.  36  (1906) 

to  No.  40  (1910), $20 

II.  Ten  volumes,  bound  in  half-morocco,  from  No.  31  (1902) 

to  No.  40  (1910),  including  Mexican  Volume,    .  35 

III.  Twenty  volumes,  bound  in  half-morocco,  from  No.  21 

(1893)  to  No.  40  (1910), 50 

IV.  Thirty   volumes,  bound  in  half-morocco,  from   No.  11 

(1883)  to  No,  40(1910), 60 

V.  Thirty-nine  volumes,  bound  in  half-morocco,  from  No.  1 
(1873)  to  No.  40  (1910),  with  the  exception  of  No.  10 
(1882),  but  including  index  for  Volumes  Nos.  1  to  35, 

and  Nos.  36  to  40, 75 

VI.  Nine  volumes,  bound  in  half-morocco,  from  No.  1  (1873) 

to  No.  9  (1881), 25 

Applications  should  be  addressed  to  Joseph  Struthers,  Secretary, 
29  West  39th  Street,  New  York,  N.  Y. 


The  Emmons  Research  Fellowship  of  Economic 

Geology. 

The  Committee  named  below  has  been  formed  by  friends  of 
Samuel  Franklin  Emmons,  late  of  the  United  Statea^eological 
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Survey,  to  consider  the  best  method  of  perpetuating  his  name.  It 
has  been  decided  that  the  memorial  to  him  shall  take  the  shape  of 
a  Research  Fellowship,  to  be  known  as  the  Samuel  Franklin 
Emmons  Research  Fellowship  of  Economic  Geology,  which  is  to  be 
administered  bv  Prof.  James  F.  Kemp,  of  Columbia  University, 
New  York.  Subscriptions  are  invited  by  his  friends  to  this  fund, 
which  the  Committee  has  fixed  at  $25,000. 

Members  of  the  Institute  who  desire  to  contribute  to  this  fund 
will  please  communicate  with  the  Treasurer,  fienjamin  B.  Lawrence, 
60  Wall  Street,  New  York. 

The  Committee  consists  of  the  following : 

George  Ons  Smith,  Director,  U.  S.  Geological  Survey,  Wash- 
ington, D,  C. 

H.  L.  Smyth,  Harvard  University,  Cambridge,  Mass. 

James  Douglas,  99  John  Street,  New  York,  N.  Y. 

J.  A.  Holmes,  Director,  Bureau  of  Mines,  Washington,  D.  C. 

James  F.  Kemp,  Columbia  University,  New  York,  N.  Y. 

F.  W.  Bradley,  San  Francisco,  Cal. 

J-  Parke  Channing,  42  Broadway,  New  York,  N.  Y. 

Seeley  W.  Munn,  1001  Central  Building,  Los  Angeles,  Cal. 

D.  W.  Brunton,  Denver,  Colo. 

H.  Foster  Bain^  420  Market  Street,  San  Francisco,  Cal. 

T.  A.  RicKARD,  London,  England. 

B.  B.  Lawrence,  60  Wall  Street,  New  York,  N.  Y. 


How  to  Use  the  "Transactions"  of  the  Institute. 

Buy  a  copy  of  the  Complete  Analytical  and  Alphabetical  Index  of  Vol- 
umes L  to  XjCxV.^  inclusive;  aim  the  new  Index  of  Volumes  XXXVI  to 
XL. 

Whether  vou  do  or  do  not  own  a  full  set  of  the  Transa^ctions,  these 
Indexes  will  make  all  of  the  material  contained  in  the  forty  volumes 
available  at  once  without  detailed  research  into  each  volume  sepa- 
rately. Moreover,  an  easy  search  will  show  what  particular  papers 
you  need  to  know  more  about,  and  perhaps  to  study.  Thus,  any 
person  possessing  these  Indexes  can  ascertain  at  once  what  has  been 
published  in  the  Transactions  on  a  given  question,  and  can  learn,  by 
writing  to  the  Secretary,  what  is  its  nature,  whether  it  is  still  to  be 
had  in  pamphlet  form,  wnere  it  can  be  consulted  in  a  public  library, 
at  what  cost  it  can  be  copied  by  hand,  etc.,  etc. 

In  short,  to  those  who  own  complete  sets  of  the  Transactions,  these 
Indexes  will  be  a  great  convenience ;  but  to  those  who  do  not,  they 
will  be  a  professional  necessity. 

The  Index  Volumes  I.  to  XXXV.  is  an  octavo  of  706  pages,  con- 
taining more  than  60,000  entries,  duly  classified  with  sub-headings, 
and  including  abundant  cross-references.  The  limited  edition  is 
becoming  exhausted.  The  new  Index,  Volumes  XXXVI.  to  XL., 
supplementing  the  Index  Volumes  I.  to  XXXV.,  brings  the  classi- 
fied references  up  to  the  date  of  Volume  XL.,  June,  1910.  Prices : 
Index  Volumes  I.  to  XXXV.,  bound  in  cloth,  $6 ;  bound  in  half- 
morocco,  to  match  the  Transa^ions.  86.  Index  Volumes  XXXVI. 
to  XL.,  bound  in  cloth,  $1.50;  oound  in  half-morocco,  $2.50. 
The  delivery  charges  will  be  paid  by  the  Institute  on  receipt  of  the 
above  price.  ^  j 
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LIBRARY. 

American  Institute  of  Electrical  Engineers. 
American  Society  of  Mechanical  Engineers. 
American  Institute  of  Mining  Engineers. 
United  Engineering  Society. 

William  P.  Cutter,  Librarian. 

The  libraries  of  the  above-named  Societies  are  open  from  9  A.M. 
to  9  P.M.  on  all  week-days,  except  holidays,  from  September  1  to 
June  30,  and  from  9  a.m.  to  6  p.m.  during  Juljr  and  August 

The  Library  contains  about  50^000  volumes,  including  sets  of  tech- 
nical periodicals  and  the  publications  of  scientific  and  technical 
societies. 

The  members  of  the  Institute,  with  few  exceptions,  are  by  the 
very  nature  of  their  profession  forced  to  spend  a  large  portion  of 
their  time  in  localities  isolated  from  sources  of  information.  To 
such  members  the  Library  can  render  valuable  service  through  cor- 
respondence, and  letters  requesting  information  will  receive  special 
attention.  The  Library  is  prepared  to  furnish  references  and  copies 
of  articles  on  mining  and  metallurgical  subjects ;  to  determine,  if 
possible,  the  existence  of  mining-maps,  and  to  furnish  general  in- 
lormation  as  to  the  geology  and  mineral  resources  of  all  countries 
as  far  as  these  resources  are  known  and  published. 

It  is  hoped  that  the  members  of  the  Institute  will  avail  them- 
selves freely  of  this  special  service.  The  Library  will  welcome  in- 
quiries on  engineering  subjects,  and  furnish  information  as  far  as 
such  information  is  to  be  obtained. 

All  communications  should  be  made  as  definite  as  possible  so  that 
the  information  received  may  be  what  is  desired  and  not  include 
collateral  matter  which  may  not  be  of  interest.  In  this  way  the  time 
spent  in  searching  for  such  collateral  matter  will  be  saved,  and  as  a 
result  the  information  will  be  sent  more  promptly  and  in  more  usable 
shape. 

Tne  inembers  of  the  Institute  can  be  of  service  to  the  Library  by 
forwarding  copies  of  mining-reports,  maps  privately  issued,  and 
similar  material,  which  will  be  classified,  indexed,  and  made  avail- 
able to  other  members. 

Suggestions  for  additions  to  the  Library,  either  by  purchase  or 
personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that 
members  while  in  the  city  will  use  the  Library  freely,  and  assur- 
ance is  given  that  most  careful  service  will  be  rendered  to  them. 
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Library  Accessions. 

July  1  to  July  3,  1912. 

[Copies  of  the  list  of  additions  to  the  Libraries  of  the  American  Society  of 
Mechanical  Engineers  and  the  American  Institute  of  Electrical  Engineers  can 
be  obtained  on  application  to  the  Secretary  of  the  American  Institute  of  Mioing 
Ekigineers.] 

Adbssbbuch  1912  SImtlichxb  Bebowerke,  Ht^rrEN-  uitd  Walzwebee 
Deutschlands  nbbst  deb  Hebekbetbiebe.  Vlll.  Jahrgang.  Leipzig, 
n.  d.    (Purchase.) 

Advanced  Ctakide  Practice  akd  Equipment.  (Catalogue  No.  10-C.)  Den- 
ver, n.  d.     (Gift  of  Colorado  Iron  Works  Co.) 

AlB  COMPBSSBOBS  AND    BLOWING    ENGINES   ESPECIALLY  ADAPTED    FOB    EnOI- 

neebs.     By  C.  H.  Innes.     London,  1906.     (Purchase.) 

Aitken's  Manual  of  the  Telephone.  By  W.  Aitken.  London,  1911. 
(Purchase.) 

Allison.  A  Paper  prepared  and  read  before  the  Historical  Society  of  Schuyl- 
kill County,  Pa.  By  Robert  Allison.  April  24,  1912.  N.  p.,  n.  d.  (Gift 
of  Author. ) 

Amebican  Ibon  and  Steel  Association.  Annual  Statistical  Report  for  1911. 
PartL     Philadelphia,  1912.     (Exchange.) 

Annuabio  Biogbafico  del  Cibcolo  Matematico  di  Palebmo,  1912.  Pa- 
lermo, 1912.     (Gift  of  RendiooDti  del  Circolo  Matematico  di  Palermo.) 

Die  Bergwebksmaschinen.  Band  II.  By  H.  Bansen.  Berlin,  1912.  (Pur- 
chase. ) 

Bibltoobaphie  deb  Deutschen  Zettschriften  Literatur.  Band  XXV I II A. 
(Eiganznngs-Band  III.)    Leipzig,  1912.     (Purchase.) 

Die  BinXren  Metallegierungen.  Tell  I.  By  E.  Bomemann.  Halle  a/S., 
1909.     (Purchase.) 

Caisson  Sickness  and  the  Physiology  of  Work  in  Compressed  Air.  By 
Leonard  Hill.     London,  1912.     (Purchase.) 

Cajst  Iron  in  the  Light  of  Recent  Research.  By  W.  H.  Hatfield.  London, 
1912.     (Purchase.) 

Chemical  Works,  Their  Design,  Erection,  and  Equipment.  By  S.  S.  Dyson 
and  S.  S.  Clarkson.     London,  1912.     (Purchase.) 

The  Coal  Mines  Act,  1911,  and  Other  Acts  Affecting  Mines  and  Quar- 
ries. With  a  Commentary.  By  R.  F.  MacSwinney  and  P.  Lloyd-Greame. 
London,  1912.     (Purchase.) 

CONORESO  Cientifico  (1"  Pan  Americano)  Aoronomia  y  Zootechia.  Tomo 
U.    Santiago  de  Chile,  1912.     (Gift  of  Congreso  Cientifico. ) 

CBTGrrALLOGRAPHT    AND    PRACTICAL    CRYSTAL    MEASUREMENT.      By  A.   E.  H. 

Tutton.     London,  1911.     (Purchase.) 
Diamond  Drilling  at  Point  Mamainse,  Pbovince  of  Ontabio.    (Bulletin 

No.  6,  Canada  Mines  Department.)    Ottawa,  1911.     (Exchange.) 
EiNFtJHBCNG  IN  DIE  Technibche  Elektrochemie.    Band  I.    By  Paul  Asken- 

asy.     Braunschweig,  1910.     (Purchase.) 
£mk&y  and  the  Emery  Industry.    By  A.  Haenig,  translated  from  the  German 

byChaa.  Salter.     London,  1912.     (Purchase.) 
Engineering  Association  of  New  South  Wales.    Minutes  of  Proceedings. 

Vol.  XXV.     Sydney,  1912.     (Exchange.) 
Exp^iENCEs   SUR   LB   Trayail   des   Machines-Outils.     Al^sage.     By   C. 

Codron.     (Eztrait   de  la  Revue  de  M^anique  (1906-10.)     Paris,    1912. 

(Purchase.) 
Les  Explobifs  Modernes.    Ed.  3.    By  P.  F.  Chalon.    Paris,  1911.    (Purchase.) 
Fabrication  et  Emploi  deb  Mat^biaux  et  Produits  Ri:FRACTAiREs  utilises 

DANS  l' INDUSTRIE.     By  Albert  Granger.     Paris,  1910.     (Purchase.) 
Fuel  and  Refractory  Materials.    By  A.  H.  Sexton.     London,  1909.     (Pur- 
chase.) 
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Gazetteer  op  Surface  Waters  of  California.  Part  L — Sacramento  River 
Basin.  (Water  Supply  Paper  No.  295,  U.  S.  Geological  Survey.)  Washing- 
ton, 1912.     (Exchange.) 

Gemeinfassliche  Darstellung  des  Eisbnhuttenwesens.  Herausg^eben 
vom  Verein  Deutscher  Eisenhilttenleute  in  Dusseldorf.  8  AuAage.  Dussel- 
dorf,  1912.     (Purchase.) 

General  Foundry  Pracjtice.  By  William  Boxburgh.  London,  1910.  (Pur- 
chase.) 

Geology  and  Ore-Deposits  of  the  Park  City  Districtt,  Utah.  (Professional 
Paper  No.  77,  U.  S.  Geological  Survey.)  By  J.  M.  BoutwelL  Washington, 
1912.     (Exchange.) 

Geology  of  the  Dun  Mountain  Subdivision,  Melson.  (Bulletin  No.  12^ 
New  Zealand  Geological  Survey  Branch. )     Wellington,  1911.     (Exchange.) 

Handbuch  der  Vermessungskunde.  By  W.  Jordan,  fortgesetzt  von  C.  Rein- 
hertz.     ErsterBand.    Stuttgart,  1910.     (Purchase.) 

Headwater  Regions  of  Gulkana  and  Susitna  Rivers,  Alaska.  (Bulletin 
No.  498,  U.  S.  Geological  Survey.)     Washington,  1912.     (Exchange.) 

HYGTtNE  DE  l'Industrie  dv  Fer,  Mines,  Hauts-Fourneauz,  Aci^ries,  Fon* 
DERiES,  ETC.     By  Robert  Andr^.     Paris,  1909.     (Purchase.) 

Industrial  Philadelphia,  from  the  Infant  Industries  of  Two  Centuries 
Ago  to  the  Giaitt  of  To-day.  By  J.  J.  Macfarlane.  Philadelphia,  1912. 
(Exchange. ) 

Introduction  to  a  History  of  Ironmaking  and  Coal-Mining  in  Pbnnsyl- 
VANL4.     By  J.  M.  Swank.     Philadelphia,  1878.     (Gift  of  Author.) 

Iowa  State  College.  Directory  of  Graduates  of  the  Division  of  Engineering. 
Ames,  1912.     (Gift  of  Iowa  State  College. ) 

Jaarboek  van  het  Mijnwezen  in  Nederlandsoh  Cost  Indie,  1910.  Batavia^ 
1912.    (Exchange.) 

Der  Konstruktionsstahl  und  seine  Mikrostruktur.  By  A.  Haenig.  Ber- 
lin, 1910.     (Purchase.) 

EuRZE  Uebersicht  uber  sXmtliche  Legierungen.  By  Ernst  Janecke.  Hann- 
over, 1910.     (Purchase.) 

Die  LagerstItten  der  Nutzbaren  Mineralisn  und  Gesteine  nach  form,. 
Inhalt  und  Entstehung.     I.  Band.    Stuttgart,  1910.     (Purchase. ) 

Lake  Superior  Iron-Ore  Shipments  for  1911  and  Preceding  Years  bt 
Mines  and  Ranges.     Cleveland,  1912.     (Purchase.) 

Lectures  on  Iron  Founding.  By  Thomas  Turner.  Ed.  2.  London,  1911. 
(JPnrchase.) 

Die  Legierungen  ihre  Herstellung  und  Verwendung  yHb.  gewebblichs. 
Zwbcee.     By  G.  Fermum.     Hannover,  n.  d.     (Purchase.) 

La  Min'ALLOGisNiE  DE  L'Italie  et  des  Regions  Ayoibinantes.  By  L.  de  Laa- 
nay.     Mexico,  1906.     ( Purchase. ) 

Metallography.    By  C.  H.  Desch.  *  London-New- York,  1910.     (Purchase.) 

Metallurgy.  By  Ad.  Fenchel,  translated  by  H.  J.  Morris.  London,  191L 
(Purchase.) 

Metallurgy  of  Steel.  Ed.  4.  By  F.  W.  Harbord  and  J.W.  Hall.  Vols.  1-2. 
London,  1911.     (Purchase.) 

Mica,  Its  Occurrence,  Exploitation,  and  Uses.  Ed.  2.  Ottawa,  1912.  (Ex- 
change. ) 

Milling  Machines  and  Milling  Practice.  A  Practical  Manual  for  the  Use^ 
of  Manufacturers,  Engineering  Students,  and  Practical  Men.  By  D.  De  Vriesw 
London,  1910.     ( Purchase. ) 

Mineral  Industry  of  New  Jersey  for  1911.  (Bulletin  No.  7,  New  Jersey- 
Geological  Survey. )    Trenton ,  1912.     (Exchange. ) 

Mining  and  Metallurgical  Society  of  America.  Constitution,  By-Laws,. 
Rules,  Officers  and  Members,  Jan.  1,  1912.  (Gift  of  Mining  and  Metallur^- 
cal  Society  of  America. ) 
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Modern  Coking  Pil&cticx,  Inglitdino  the  Analysis  of  Materials  and 
Products.  By  T.  H.  Byrom  and  J.  E.  Christopher.  London,  1910.  (Puiv 
chasej. 

Modern  Iron  Foundry  Practice.  By  Geo.  R.  Bale.  Pts.  1-2.  London, 
1912,  1905.     (Purchase.) 

Keuere  RofioLMOTOREN.  Tell  I.  By  Ch.  POhlmann.  Berlin,  1912.  (Pur- 
chase.) 

New  Jersey.  Geological  Survey.  Bulletin  No.  7.  Trenton,  1912.  (Ex- 
change.) 

New  South  Wales.  Mines  Department.  Mineral  Besources.  No.  15. 
Sydney,  1912.    (Exchange.) 

NOUVEAUX  Mix^ANfSMES  ET  NOUVELLES  MeTHODBS  POUR  L'Es&AI  DE9  MeTAUX. 

By  Pierre  Breiiil.     Paris,  1910.     (Purchase.) 

Perhanente  Gase  und  Industrie  Gase,  Sauerstoff-Oefen,  Sauerstoff- 
Brenner,  GA&-ELEKTRISCHE  Oefen.  Bj  G.  Mettler.  Leipzig,  n.  d.  (Pur- 
chase.) 

Les  Pompes  Centrifuges  a  Haute  Pression.  By  Ch.  Hanocq.  Li^ge,  1909. 
(Purchase.) 

Pr^b  de  Metalluroie.    By  H.  PAsheux.    Paris,  1910.     (Purchase. ) 

Principles  op  Ironpounding.  By  A-  H.  Sexton  and  J.  S.  G.  Primrose. 
London,  1911.     (Purchase.) 

Quebec.  Departmemt  of  Colonization,  Mines  and  Fisheries.  Report  on 
Mining  Operations  in  the  Province  of  Quebec.     Quebec,  1912.     (Exchange.) 

Bbcord  of  the  FiRsrr  Series  of  the  British  Coal  Du&rr  Experiments  Con- 
ducted BY  the  Committee  Appointed  by  the  Mining  Association  of 
Great  Britain.  A  Beoord  of  the  Experiments  carried  out  during  1908  and 
1909,  at  the  Altofts  Experiments  Station.     London,  1910.     (Purchase.) 

Das  Rettungswesen  im  Bergbau.  Seine  Technik  und  gesetsliche  Begelung  im 
In-und  Auslande.     By  O.  Putz.    Freiberg,  1912.     (Purchase.) 

South  Midland  Coal  Owners.  Report  of  the  Mine  Rescue  Experimental 
Committee.  An  Investigation  of  Self-contained  Breathing  Apparatus  for  use 
in  Mines,  1910-11.     Birmingham,  1911.     (Purchase.) 

Spark  Spectra  of  the  Metals.  By  C.  E.  Gissing.  London,  1910.  (Pur- 
chase.) 

Steel  Sheet  Piling.  Tables  and  Data  on  the  Properties  and  Uses  of  Sections. 
Pittsbuigh,  1912.     (Gift  of  Carnegie  Steel  Co. ) 

Subways  and  Tunnels  op  New  York:  Methods  and  Ccsts.  By  G.  H. 
Gilbert,  L.  L  Wightman,  and  W.  L.  Saunders.  New  York,  1912.  (Gift  of 
W.  L.  Saunders.) 

[Note. — Mining  engineers  are  aware  that  for  many  years  the  city  of  New  York 
has  been  one  of  the  chief  mining-districts  of  the  world,  by  reason  of  the  vast  sys- 
tem of  subways  and  tunnels,  involving  almost  all  the  operations  of  mining — sink- 
ing, drivintr,  hoisting,  pumping,  ventilation,  timbering,  and  masonry  supports,  etc., 
together  with  many  operations  and  problems  not  presented  in  ordinary  mines,  yet 
likely  to  be  encountered  hereafter  in  similar  undertakings. 

It  is  an  interesting  reflection,  though  it  comes  too  late  to  be  practically  useful, 
that  a  lane  part  of  the  $1 ,000,000,000  which  the  rapid-transit  system  of  New 
York  will  have  cost  when  the  plans  already  authorised  shall  have  been  executed, 
has  been  devoted  to  unwise  and  futile  schemes,  which  aggravated  the  evils  they 
were  intended  to  cure.  Man's  triumphs  over  natural  obstacles  have  been  many 
and  creditable  ;  but  it  is  not  always  necessary  or  advisable  to  treat  nature  as  an 
enemy  ;  and  sometimes  man*s  interference  simply  defeats  nature's  remedies.  The 
narrow  island  of  Manhattan,  with  its  magnificent  water-front  on  the  North  and 
East  rivers,  waa  naturally  adapted  to  the  shipping  business,  and  there  was  no 
good  reason  for  putting  into  the  limited  space  at  its  southern  end  the  Stock  Ex- 
chance,  the  Sub-Treasury,  banks,  newspapers,  mercantile  stores,  and  offices,  etc., 
which  could  have  been  better  accommodated  "uptown.**  But  nobody  realized 
adequately  the  great  future  of  the  metropolis,  and  the  "  opportunism  " — L  €.,  the 
seeking  of  immediate  relief  without  forecast  of  ultimate  results— co-operated  with 
the  force  of  habit  to  bring  about  an  almost  hopeless  conflict.     These  elements  of 
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the  problem  which  were  really  temporary  were  assomed  to  be  permanent — and> 
worse  than  that,  unchangeable.  The  ferries  from  New  Jersey  and  Long  Island 
delivered  their  hundreds  of  thousands  daily  in  the  down-town  district,  which  be- 
came so  crowded  as  to  over-tax  the  scanty  means  of  street-transportation.  The 
natural  cure  was  indicated  by  a  tendency  in  many  lines  of  business  to  move  up- 
town ;  but  this  relief  was  greatly  delayed,  and  practically  nullified  for  the  time 
being,  by  expensive  means,  in  the  form  of  the  Brooklyn  bridge  and  the  elevated 
railroads  first,  and  of  subways  afterwards,  intended  to  enable  the  vast  multitude 
residing  in  Jersey,  Long  Island,  and  the  Bronx  to  travel  swiftly  to  iind  from  the 
congested  region  in  which  they  were,  bv  tradition  and  habit,  doomed  to  do  their 
daily  work.  But  the  facilities  of  the  elevated  railroads  invited  the  immediate  In- 
troduction of  vertical  railroads,  known  as  elevators,  and  the  construction  of  loftj 
office-buildings.  The  combined  result  of  bridges,  railroads,  lifts,  and  sky-scrapers 
has  been  to  multiplv  many  times  the  population  of  lower  Manhattan,  and  to  make 
the  crowds  more  dense  than  ever.  The  ''rush-hour''  is  fast  extending  over 
nearly  the  whole  day  ;  and  it  is  safe  to  say  that,  when  everything  has  been  com- 
pleted which  has  been  begun,  in  the  way  of  relief,  the  evil  will  be  greater  than  it 
.was  when  the  first  mistaken  remedy  was  proposed.  Meanwhile,  we  have  four  or 
five  times  as  many  persons  going,  coming,  and  working  without  any  additional 
street-room  or  light  or  air. 

So  much  for  our  ingenious  and  costly  derices  to  perpetuate  an  unnecessary  con- 
centration of  population  in  lower  Manhattan  t 

But  these  remarks  do  not  apply  to  the  work  of  the  Pennsylvania  Railroad  and 
Long  Island  system— almost  the  only  one  of  the  New  York  rapid-transit  enter- 
prises which  works  with  natural  economic  laws,  instead  of  resisting  them.  For, 
m  spite  of  the  artificial  encouragement  given  to  the  congestion  of  day-population 
down-town,  the  irresistible  current  of  northward  movement  has  been,  all  tne  time, 
making  itself  felt ;  and  the  Pennsylvania  Terminal,  reinforcing  that  movement, 
has  produced  already  a  mighty  chanj^,  which  is  a  real  relief.  Whoever  will  ob- 
serve the  banks,  stores,  and  other  buildings  between  30th  and  50th  streets,  will 
recognize  this  fact  The  land  upon  which  our  Engineering  building  stands  is 
already  worth  twice  as  much  as  was  paid  for  it  eight  years  ago.  In  a  word,  the 
center  of  population  and  business  in  Manhattan  has  been  moved  at  last,  as  it 
should  have  been  moved  long  a^o  ;  and  the  Pennsylvania  R.  R.  Co.  has  put  its 
immense  investment  where  it  will  do  the  most  good,  and  no  harm. 

But,  whether  wise  or  unwise,  the  subways  and  timnels  of  New  York,  together 
with  its  elevated  railroads,  bridges,  and  hi^h  buildings,  have  furnished  to  engi- 
neers a  school  of  practice,  a  field  for  inventive  genius  and  a  record  of  achievement 
scarcely  paralleled  elsewhere ;  and  it  was  a  happy  thought  on  the  part  of  Mr. 
Saunders  and  his  associates  (I  name  him  first,  although  his  name  appears  last  upon 
the  title-page,  because  I  feel  sure  that  he  has  inspired  and  directea  the  work,  and 
that  his  associates  will  heartily  indorse  mv  tribute  to  him),  to  collect  into  accessi- 
ble form  the  instructive  material  furnished  hv  the  underground  work  involved  in 
these  undertakings.  This  material  is  specially  valuable  because  most  of  the  work 
in  question  was  performed  with  the  aid  of  abundant  capital  and  the  highest  engi- 
neering skill,  and  therefore  its  methods  and  costs  offer  standards  of  efiiciency  and 
economy  by  which  similar  work  can  be  measured. 

The  scope  of  the  enterprises  described  in  this  book  is  stated  by  the  authors  as 
follows  : 

"  The  tunnel  and  subway  system  serving  the  population  centering  in  New  York 
includes :  one  complete  subway  system  connecting  three  boroughs ;  eight  sub- 
aciueous  tunnels  unaer  the  East  river  ;  six  sub-aqueous  tunnels  under  the  Hudson 
river  to  the  mainland  ;  two  sub-aqueous  tunnels  under  the  Harlem  'river  to  the 
Bronx  ;  the  belt-line  tunnels  and  the  New  York  subway  of  the  McAdoo  83rBtem ; 
and  the  Bergen  Hill  and  crosstown  tunnels  of  the  Pennsylvania  R.  R. 

*' In  the  aggregate,  these  enterprises  probably  involve  as  much  capital  as  the 
building  of  the  Panama  canal — ^and  possibly  even  more.  They  have  encountered 
at  every  stage  obstacles  stupendous  in  magnitude  and  difficulty,  and  calling  for 
engineering  methods  beyond  all  precedent.  They  represent  engineering-  and  con- 
tract-achievement of  such  vast  importance  that  they  mark  a  new  era  in  construc- 
tion work." 

The  book  presents  in  successive  chapters  the  topography,  geological  formation, 
and  historical  data;  Haskin's  original  Hudson  tunnel ;  the  £ast  river  gas-tunnel; 
the  Manhattan- Bronx  and  Brooklyn-Manhattan  divisions  of  the  New  York  sub- 
way ;  the  use  of  compressed  air  in  the  subway  construction  ;  the  costs  of  excava- 
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tion  in  the  New  York  subway  ;  the  Bergen  Hill  and  North  River  tunnels  of  the 
Pennsylvania  R.  R;  the  excavation  for  the  terminal  station  ;  the  crosstown  and 
East  River  tunnels ;  the  Belmont  and  Hudson-Manhattan  tunnels  ;  and  the  Hud- 
son terminal  station.  Fourteen  appendices  give  data  concerning  air-compressors 
of  various  types  ;  compressed-air  locomotives ;  rock-drills  ;  explosives  ;  pumps ; 
caissons;  and  tables  of  constants,  etc,  useful  to  engineers.  The  volume  consti- 
tutes a  treasury  of  useful  in  formation ,  especially  as  to  actual  costs,  for  which 
engineers  will  be  grateful. — R.  W.  R.] 

Summary  of  Alloys.    The  Employment  of  Physical  Chemistry  in  Metallogra- 

phie.     By  Ernest  Janecke.     Jf.  p.,  n.  d.     (Purchase.) 
SvERiOES  Geolooiska  Undersokning.     Arsbok,  1910.     iL*Institut  Royal  G^o- 

logique  de  Su6de.)     Stockholm,  1910-11.)     (Exchange. ) 
Text- Book  of  Rand  Metallur«ical  Practice.     Vol.  I.     London,  1912. 

(Gift  of  W.  R  Dowling  and  W.  A.  Caldecott ) 

[Note. — This  is  the  first  of  two  volumes  issued  in  the  well-known  series  of 
'* Scientific  Text- Books"  of  Charles  Griffin  &  Co.,  Ltd.,  of  London.  In  saying 
that  it  ''meets  a  long-felt  want,"  I  am  not  merely  echoing  a  phrase  familiar  in  the 
advertisements  of  publishers.  It  has  been  for  years  a  source  of  regret  to  me,  as 
secretary  of  a  technical  society  and  as  a  student  of  metallurgy,  that  the  progressive 
and  busy  experts  of  the  Rand  were  not  able  to  furnish  to  their  professional  breth- 
ren current  notes  of  their  experience.  The  few  papers  which  I  have  secured  by 
personal  appeal  for  the  Tranaaetions  of  the  Institute  have  been  so  interesting  and 
valuable  as  to  increase  my  desire  for  more.  This  work,  prepared  by  many  experts, 
partly  (though  not  wholly)  consoles  me  for  many  previous  dis;ippointmentK.  It 
would  he  almost  worth  while  to  wait  for  nee<ied  knowledge  (whatever  might  be 
lost  in  the  interim),  if  one  were  sure  of  getting  at  last  such  satisfaction  as  is  here' 
furnished. 

This  volume,  prepared  by  a  considerable  number  of  leading  experts,  contains 
cbapters  on  The  Witwatersrand  and  its  Mines  (by  Ralph  Stokes) ;  Sorting  and 
Breaking  (by  James  E.  Thomas) ;  Stamp- Milling  (by  G.  O.  Smart) ;  Tube-Drilling 
(by  W.  R.  "Dowling) ;  Treatment  of  iSand  (by  James  E.  Thomas) ;  Slime  (by 
H.  A.  White  and  W.  R.  Dowling) ;  Precipitation,  aad  Clean-up  and  Smelting  (by 
E.  H.  Johnson) ;  Assaying  and  Testing  (by  J.  Mc Arthur  Johnston) ;  Chemistry  of 
Banket  Ore-Treatment  {by  W.  A.  Caldecott);  and  Tables  (compiled  by  Messrs. 
Caldecoti  and  White). 

This  volume  is  complete  in  itself,  and  can  be  separately  purchased.  Volume  II. 
is  to  contain,  as  thu<  far  announced,  chapters  on  the  Desig^i  and  Construction  of 
Plants  and  the  Transport  of  Material,  by  C.  O.  Schmitt,  M.  I.  M.  M.,  a  Councilor 
of  the  South  African  Institute  of  Engineers. 

The  foregoing  statementof  the  contents  of  the  book  before  me  leaves  me  no  room 
for  detailed  criticism.  It  contains,  perhaps,  too  much  obsolete  matter,  and  fails 
to  describe  some  of  the  most  recent  improvements.  But  it  is  the  best  work  on  its 
subject;  and  its  excellent  typography,  abundant,  pertinent,  and  really  helpful 
illustrations,  useful  bibliographies  and  foot-note  references,  and  serviceable  index 
oombine  to  make  it  highlv  valuable — ^not  to  say  necessary — to  students  and  practi- 
tioners alike.  Messrs.  Dowling  and  Caldecott,  two  of  the  contributing  authors, 
who  have  presented  this  volume  to  the  Institute,  deserve  the  thanks  of  their  fellow- 
members.  I  am  happv  to  recognize  also  among  the  authors  Messrs.  Thomas, 
Smart,  andE.  H.  Johnson  as  members  of  the  Institute. — R.  W.  R.] 

Theory  and  Practice  of  Ejtamelling  on  Iron  and  Steel,  with  Historic 
Notes  on  the  Use  of  Enamel.  By  Julius  Griinwald,  translated  by  H.  H. 
Hodgson,     London,  1909.     (Purchase.) 

TRAiTi  DB  M^tallographie.     By  Felii  Robin.     Paris,  1912.     (Purchase.) 

TRA.ITE  DE  MirTALLXJRGiE  DU  Fer.  Vols.  I.-II.  By  L6on  Gages.  Paris,  1898. 
(Purchase.) 

Tungsten  Mining  Industry  in  New  South  Walfjj.  (Mineral  Resources  No. 
16.)    Sydney,  1912.    (Exchange.) 

U.  S.  Bureau  of  Corporations.  Report  of  the  Commissioner  of  Corporations 
on  the  Transportation  of  Petroleum,  May  2,  1906.  Washington,  1906.  (Gift 
of  Department  of  Commerce  and  Labor,  Bureau  of  Corporations.) 
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U.  S.  Geological  Survey.    Bulletin  No.  498.   Washington,  1912.    (Exchange. ) 

Professional  Paper  No.  77.     Washington,  1912.     (Exchange.) 

Water  Supply  Paper  No.  295.     Washington,  1912.     (Exchange.) 

U.  iS.  National  Museum.     Proceedings.     Vol.  41.     Washington,  1912.     (Ex- 
change ) 
Univbksity  op  Leeds.     Eighth  Report,  1910-11.     Leeds,  1911.     (Exchange.) 
University  op  Wisconsin.    Catalogue,  1911-12.    Madison,  1912.    (Exchange.) 
The  Waihi  Gtold  Mining  Co.,  Ltd.     Report  of  the  Directors  and  Statement 
of  Accounts  for  year  ended  Dec  31,  1911.     London,  1912.     (Gift  of  Waihi 
Gold  Mining  Co.,  Ltd.) 

Trade  CATALOorEs. 

Bristol  Ck).,  W^aterbury,  Conn. 

Bristol  recording-gauges.     3  pagen. 
S.  C.  DiNSMORE,  Detroit,  Mich. 

The  Atwater  bomb  calorimeter.     12  pages. 
Ingersoll-Rand  Co.,  New  York,  N.  Y. 

** Little  David*'  pneumatic  drills.     16  pages. 
A.  Leschen  &  Sons,  St.  Louis,  Mo. 

"Leschen's  Hercules,'*  July,  1912.     A  publication  issued  by  the  company, 

containing  information  of  interest  to  the  users  of  Lesclien's  products.   12  pages. 

United  Engineering  Society  Library. 

Earthwork  Dfaorams.     By  C.  A.  James.     White  Haven,  Pa.,  1912.    '(Gift  of 

Author. ) 
Joseph  Dixon,  one  of  the  World  Makers.     By  E.  Hubbard.     East  Aurora, 

1912.     '  Gift  of  Joseph  Dixon  Crucible  Co. ) 
Nebraska  State  Railway  Commission.     Annual  Report  to  the  Governor,  4th, 

1911.     Omaha,  1911.     (Gift  of  Nebraska  State  Railway  Commission.) 
Pittsburgh  (Pa.)  Flood  O) mm ission.     Report,  1911.     Pittsburgh,  1911.     (Gift 

of  the  Commission. ) 
Railway  Economics.     A  Collective  Catalogue  of  Books  in  Fourteen  American 

Libraries.     Prepared  by  The  Bureau  of  Railway  Economics.    Chicago,  n.  <i. 

(Gift  of  W.  P.  Cutter.) 

Gift  of  William  Paul  Gerhard. 

LiNDLEY,  W.  H.     Anlagen  zu  dem  generellen  Projekt  dor  Kanalisation  der  Stadt 
Wiirzburg.     N.  p.,  n.  d. 

Barmen-Elberfeld  Entwasserung.     Denkachrift  uber  die  Kliirung  der  Ab- 

wasser,  vom  14  Sept.,  1901. 

'  Erlauterungs-Bericht  zum  Projekt  einer  Klarungs-  anlage  fiir  die 


Abwiisser  von  Barmen-Elberfeld  auf  dem  Gate  Buchenhofen.     1902. 

Reise-Bericht  der  zum  studium  der  Klarung  der  Abwasser  nach 

England  entsandten  C)ommission.     Elberfeld,  1902. 

—  Entwiisserung  der  sladt  Homburg  v.  d.  Hohe.     Frankfurt-am-Main,  1886. 

—  Erliluterungs-Bericht  zu  dem  generellen  Projekt  der  Kanalisation  der  Stadt 
Wurzburg,  Apr.  25,  1901. 

Lodz.  Entwasserung.      Generelles  Projekt     Erliiuterungs-Bericht  nebst 


5  and  8  anlagen.     Oct.,  1909. 
Wasserversergung  der  Stadt   Lodz.     Erlauterungs-Beficht  zum  Projekt. 

Oct,  1909.     Frankfurt  a/M.,  1911. 
Unden  verehrlichen  Stadtrath  DER  Grossherzoqlich  Badischen  Haupt- 

stadt.     Frankfurt  a/M.,  1690. 
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MEMBERSHIP. 

New  Members. 

The  following  list  comprises  the  names  of  those  persons  elected 
as  members  who  accepted  election  during  the  month  of  July, 
1912: 

Members. 

Bdrcham,  William  D.,  Min.  Engr Shafter,  Pricidio  Co.,  Texas. 

Carney,  Frank  D.,  Genl.  Supt Penna.  Steel  Co.,  Steelton,  Pa. 

Cooke,  Frederick  W.,  Jr.,  Secy,  and  Treas.,  Hardinge  Conical  Mill  Co., 

60  Church  St.,  New  York,  N.  Y. 
CuNNiFF,  Bernard,  Min.  Engr.... 208  Bank  and  Trust  Bldg.,  Knozville,  Tenn. 

Dale,  William  C,  Min.  Engr Casilla  230,  Copiapo,  Chile,  So.  Am. 

I>OAK,  Samuel  E.,  Min.  Engr Princess  Furnace  Co.,  Glen  Wilton,  Va. 

Earle,  Theodore,  Min.  Engr 165  Broadway,  New  York,  N.Y. 

Farrant,  James  C,  Engr Room  1174,  50  Church  St.,  New  York,  N.Y. 

FERGDi?ON,  Claude,  Min.  Engr 0. Caldwell,  Idaho. 

Friedlakder,  Otto  A.,  Mine  Sampler,  48  Mark  Lane.  London,  E.  C,  England. 
Gannon,  Michael  H.,  Genl.  Supt,  Idaho-Continental  Mines,  Port  Hill,  Idaho. 
Holden,  James  O.  R,  Supt.,  Princeton  Coal  &  Land  Co.,  Ltd., 

Princeton,  B.  C,  Canada. 
Ho  user,  John  N.,  Mine  Mgr.,  American  Zinc,  Lead  &  Smelting  Co., 

Carterville,  Mo. 

Jordan,  Harold  S.,  Min.  Engr Campo  Seco,  CaL 

L.EANING,  Eugene  H Genl.  Mgr.,  Nav  Aug  Coal  Co.,  Scranton,  Pa. 

McCreery,  J.  Harold,  Engrg.  Asst 49  Wall  St.,  New  York,  N.  Y. 

McIntire,  Robert,  Min.  Engr... Keating  Gold  Mining  Co.,  Radersburg,  Mont. 
Maben,  J.  C,  Jr.,  Vice-Pres.,  Sloss-Sheffield  Steel  &  Iron  Co.,  Birmingham,  Ala. 

Marsh,  Harry  W.,  Chem.  and  Geol White  Horse,  Yukon  Territory,  Canada. 

Munroe,  Harold  S.,  Min.  Engr. ,  Care  Butte  &  Superior  Copper  Co.,  Butte,  Mont 

Phalen,  William  C.,  Geol U.  S.  Geological  Survey,  Washington,  D.  C. 

Portugal,  Joseph  H.,  Min.  Engr Keeler,  Inyo  County,  Cal. 

Pratt,  Paul  David,  Min.  Engr Libby,  Mont 

Randall,  Charles  A.,  Min.  and  Met  Engr.,  Care  Nipissing  Mining  Co., 'Ltd., 

Cobalt,  Ont,  Canada. 

ScHOFiELD,  Walter  D.,  Min.  Engr Mine  Safety  Car  No.  2,  Trinidad.  Colo. 

Smith,  Reuben  E.,  Min.  Engr Care  C.  L.  Smith,  Vladivostok,  Siberia. 

Smith,  Sydney,  Min.  Ensr Juneau,  Alaska. 

Vax  Siclen,  Matthew,  Xlin.  Engr 44  Pine  St,  New  York,  N.  Y. 

Wright,  Clarence  A.,  Min.  and  Met  Engr.,  U.  S.  Bureau  of  Mines, 

Washington,  D.  C 

Candidates  for  Membership. 

The  following  persons  have  been  proposed  during  the  month  of 
July,  1912,  for  election  as  members  of  the  Institute.  Their  names 
are  published  for  the  information  of  members  and  associates,  from 
whom  the  Committee  on  Membership  earnestly  invites  confidential 
communications,  favorable  or  unfavorable,  concerning  these  candi- 
dates. A  sufficient  period  (varying  in  the  discretion  of  the  Com- 
mittee, according  to  the  residence  of  the  candidate)  will  be  allowed 
for  the  reception  of  such  communications,  before  anv  action  upon 
these  names  by  the  Committee.  After  the  lapse  of  this  period,  the 
Committee  will  recommend  action  by  the  Council,  which  has  the 
power  of  final  election. 
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XX  Monthly  Bulletin,  No.  68,  August,  1912. 

Members, 

Charles  John  Adami,  Rivermines,  Mo. 

Proposed  by  E.  B.  Kirby,  Philip  N.  Moore,  O.  M.  Bilharz. 

Georce  S.  Bailey,  Spokane,  Wash. 

Proposed  by  Glenville  A.  Collins,  L.  K.  Arinstrong,  Henry  Kehoe. 
Walter  Amberson  Barnes,  Tooele,  Utah. 

Proposed  by  J.  F.  Kemp,  Henry  Krumb,  R  P.  Jennings. 
William  Newton  Best,  New  York,  N.  Y. 

Proposed   by   Leonard   Waldo,  H.  M.  Howe,  Bradley  Stoughton,  Richard 
Moldenke. 
Morrow  Chamberlain,  Chattanooga,  Tenn. 

Proposed  by  Joseph  W.  Richards,  Howard  Eckfeldt,  Henry  S.  Drinker. 
Charles  Augustus  Heckscher  de  SauUes,  New  York,  N.  Y. 

Proposed  by  George  C.  Stone,  J.  A.  Van  Mater,  William  A.  Pomeroy. 
William  Carter  Dickerman,  New  York,  N.  Y. 

Proposed  by  Joseph  W.  Richards,  Howard  Eckfeldt,  Henry  S.  Drinker. 
Amos  Ewing  Gillespie,  Josephine,  Penna. 

Propos^  by  H.  M.  Howe,  Henry  D.  Hibbard,  Bradley  Stoughton. 
Samuel  Vemer  Hunnings,  Schenectady,  N.  Y. 

Proposed  by  H.  A.  Beale,  Jr.,  George  Thomas,  3d,  Bradley  Stoughton. 
Harry  Dill  Kinney,  Tooele,  Utah. 

Proposed  by  J.  F.  Kemp,  Henry  Krumb,  E.  P.  Jennings. 
Paul  Klopstock,  Kennedy,  Nev. 

Proposed  by  J.  F.  Orr,  W.  W.  Mein,  John  H.  Lidgerwood. 
Karl  Louis  Land^ebe,  Ensley,  Ala. 

Proposed  by  D.  B.  Meacham,  D.  T.  Croxton,  B,  D.  Quarrie. 
Harvey  William  Lindhardt,  Columbus,  Ohio. 

Proposed  by  R.  H.  Sweetser,  J.  E.  Thropp,  Jr.,  J.  H.  Frantz. 
Robert  Alexander  Lipscomb,  Covington,  Va.  . 

Proposed  by  E.  C.  Means,  F.  U.  Humbert,  Frank  Lyman. 
Howard  D.  McLeod,  Seattle,  Wash. 

Proposed  by  L.  K.  Armstrong,  E.  P.  Spalding,  J.  V.  Richards. 
Edward  Washburn  Maynard,  Senter,  Mich. 

Proposed  by  J.  A.  Capp,  James  B.  Cooper,  George  L.  Heath. 
William  R,  Meyers,  Princeton,  Mich. 

Proposed  by  Joseph  W.  Richards,  Howard  Eckfeldt,  Henry  S.  Drinker. 
James  D.  Mooney,  Akron,  Ohio. 

Proposed  by  Henry  M.  Lane,  Richard  H.  Vail,  Clarence  Carleton  Semple. 
Anton  Curtiss  Oberg,  Hibbing,  Minn. 

Proposed  by  William  Weame,  A.  P.  Silliman,  O.  B.  Warren. 
H.  P.  Parrock,  Buffalo,  N.  Y. 

Proposed  by  William  R.  Webster,  Henry  D.  Hibbard,  Bradley  Stoughton. 
Veryl  Preston,  New  York,  N.  Y. 

Proposed  by  Charles  F.  Rand,  Bradley  Stoughton,  Jennings  S.  Cox,  Jr. 
Benjamin  Franklin  Roden,  Marvel,  Ala. 

Proposed  by  Milton  H.  Fies,  James  Bonnyman,  Richard  Peters,  Jr. 
Fitz-William  Sargent,  Mahwah,  N.  J. 

Proposed  by  Joseph  W.  Richards,  Henry  S.  Drinker,  Richard  Moldenke. 
Francis  Lester  Tov,  Pittsburg,  Pa. 

Proposed  by  Joseph  W.  Richards,  Howard  Eckfeldt,  Henry  S.  Drinker. 
Lloyd  Burton  Treat,  Gautemala,  C.  A. 

Proposed  by  Henry  S.  Drinker,  Howard  Eckfeldt,  Joseph  W.  Richards. 

Associates. 

John  Summerfield  Crowther,  Jr.,  Cockeysville,  Md. 

Proposed  by  Joseph  W.  Richards,  Howard  Eckfeldt,  Henry  S.  Drinker. 
S.  Kendrick  Eshleman,  Jr.,  New  York,  N.  Y. 

Proposed  by  Joseph  W.  Richards,  Leonard  Waldo,  Henry  S.  Drinker. 
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John  Haldeman  Grajbill,  Pittsburg,  Pa. 

Proposed  by  Jofieph  W.  Kichards,  Howard  Eckfeldt,  Henry  S.  Drinker. 
Soderick  Lee  Johnston,  Chrome,  N.  J. 
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[TRANSACTIONS  OP  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


The  Treatment  of  Complex  Silver-Ore  at  the  Lucky-Tiger 
Mine,  £1  Tigre,  Sonora,  Mexico. 

BY  D.    L.   H.   FORBES,  TORONTO,   CANADA. 
(New  York  Meeting,  February,  1912.) 

Introduction. 

The  application  of  the  cyanide  process  to  complex  sulphide 
ores  for  the  extraction  of  their  gold  and  silver  is  no  longer  a 
novelty,  but,  as  an  example  showing  modern  tendencies  in  this 
direction,  the  following  description  of  the  new  milling  process 
at  the  Lucky-Tiger  mine  is  oflfered : 

The  extraordinary  richness  of  the  ore  in  the  upper  workings 
of  this  mine  made  any  thought  of  milling  in  its  early  days  seem 
unnecessary.  Its  location  in  an  almost  inaccessible  part  of  the 
rugged  mountains  just  south  of  the  Arizona  boundary-line,  and 
60  miles  from  the  town  of  Douglas,  made  the  expense  of  bring- 
ing in  machinery  and  supplies  a  very  serious  consideration. 
But,  after  the  property  had  been  shipping  high-grade  ore  on 
mule-back  for  a  few  years,  there  remained  in  the  mine  a  con- 
siderable tonnage  of  vein-matter  that  was  too  low  in  value  to 
ship,  but  which  it  was  thought  could  be  milled  near  the  mine 
at  a  profit.  The  first  milling-experiment  consisted  in  the  in- 
stallation of  Nissen  stamps  in  conjunction  with  concentrating- 
tables  and  Frue  vanners,  but,  as  the  ore  from  the  upper  work- 
ings contained  most  of  its  silver  in  the  form  of  cerargyrite,  this 
type  of  mill  was  not  successful. 

The  proximity  of  the  mine  to  the  great  copper-concentrating 
mills  of  Cananea  and  Moctezuma  naturally  made  the  influence 
of  copper-milling  ideas  felt  in  the  company's  next  installation. 
At  considerable  expense  a  stage-crushing  concentrating-mill, 
with  a  capacity  of  100  tons  per  day,  was  built.  This  mill  was 
modeled  along  the  lines  of  the  most  approved  practice  in  cop- 
per-concentrators at  that  time,  the  main  idea  being  that  crush- 
ing by  stages  in  rolls  was  necessary  in  order  to  prevent  losses 
from  "  sliming."     Largely  owing  to  the  fact  that,  when  the  mill 
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began  operation,  the  mine  produced  ore  with  very  little  cerar- 
gyrite,  and  with  the  silver  and  gold  intimately  associated  with 
such  minerals  as  galena,  zinc-blende,  chalcopyrite,  and  iron 
pyrite,  this  method  of  concentration  was  profitable,  in  spite  of 
the  fact  that  the  mill-tailings  carried  0.1  oz.  of  gold  and  15.0  oz. 
of  silver  per  ton,  and  power  for  operating  the  machinery  cost 
$275  per  h-p-year. 

In  the  early  part  of  1910  I  installed  a  small  experimental 
cyanide-plant  for  the  purpose  of  testing  the  ore  and  mill-tail- 
ings. The  results  of  experiments  made  in  this  plant  were  so 
satisfactory  that  it  was  decided  to  commence  work  at  once  on 
the  construction  of  a  250-ton  cyanide-plant,  and  to  make  such 
changes  and  additions  to  the  existing  works  as  would  make 
possible  the  most  economical  milling  of  175  tons  of  ore  from 
the  mine  daily,  in  addition  to  75  tons  of  old  tailings  from  the 
dumps  below  the  mill.  This  work  was  completed  and  the  new 
process  in  operation  by  the  end  of  June,  1911.  A  view  of  the 
mill  and  cyanide-plant  is  given  in  Fig.  1,  and  the  general  plan 
and  sections  in  Figs.  2  and  3. 

Character  of  the  Ore. 
The  results  of  tests  made  in  the  experimental  plant  estab- 
lished the  following  facts  in  regard  to  the  character  of  the  ore : 

(1)  Very  fine  grinding  is  necessary  in  order  to  obtain  a  good 
extraction  of  the  silver.  Grinding  samples  of  the  tailings  to 
pass  a  150-mesh  screen  and  other  samples  of  the  same  material 
to  pass  a  200-mesh  screen  before  cyanide  treatment  gave  results 
in  favor  of  the  finer  grinding,  showing  an  increase  in  extraction 
of  from  15  to  20  per  cent. 

(2)  A  high  decomposition  of  cyanide  was  to  be  expected, 
but,  by  careful  concentration  previous  to  treatment  with  solu- 
tion, the  consumption  could  be  kept' down  to  from  4  to  5  lb. 
of  sodium  cyanide  per  ton  of  tailings. 

(3)  Ore  from  certain  sections  of  the  property  was  found  to 
be  more  amenable  to  cyanide-treatment  than  that  from  other 
places.  In  general,  it  was  found  that  the  oxidized  ore,  which 
yielded  only  a  small  recovery  by  concentration  alone,  gave  the 
best  extraction  by  combined  concentration  and  cyanide-treat- 
ment of  any  ore  in  the  mine.  The  cyanide-consumption  on  the 
oxidized  ore  was  less  than  that  on  the  sulphide  ore.    The  worst 
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Fig.  2. — General  Plan  of  Concentrator  and  Cyanide-Plant. 
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results,  both  in  the  matter  of  cyanide-consumption  and  in  ex- 
traction, were  obtained  from  the  tailings  from  a  certain  class  of 
sulphide  ore  that  contained  a  high  percentage  of  copper  and 
was  associated  with  massive  zinc-blende  and  galena.  This  class 
of  ore  comes  from  a  vein  known  as  the  "  Sooy."  The  best 
results  were  obtained  with  the  tailings  of  ore  from  the  southern 
end  of  the  property  in  the  Gold  Hill  mine.  The  ore  from  the 
latter  place  is  partly  oxidized  and  is  comparatively  low  in 
copper. 

The  average  assay  of  38,610  tons  of  ore  milled  in  1910  was : 
Au,  0.256  oz.;  Ag,  83.568  oz.;  CuO,  1.06,  and  PbO,  0.568 
per  cent. ;  Zn,  present  but  not  determined.  A  list  of  the  min- 
erals that  have  been  recognized  in  the  ore  takes  in  the  follow- 
ing: galena,  zinc-blende,  iron  pyrite,  chalcopyrite,  bornite, 
argentite,  stromeyerite,  cerargyrite,  hematite,  pyrolusite,  native 
gold,  native  silver,  quartz,  calcite,  fluorspar,  and  alunite.  Prous- 
tite  is  sometimes  found,  but  its  occurrence  is  rare.  An  aggre- 
gate which,  to  the  naked  eye,  appears  homogeneous,  and  has  a 
silvery  gray  color,  is  frequently  encountered  in  masses  varying 
in  size  from  several  inches  down  to  small  grains,  associated 
with  pyrite,  bornite,  galena,  and  quartz.  This  was  supposed 
to  be  tetrabedrite  until  a  chemical  analysis  showed  that  there 
was  no  antimony  present.     The  analysis  gave : 

Per  Cent.  Per  Cent. 

Ag, 18.5  As, 00.0 


All,  . 
Cu,  . 
Pb,  . 
Bi,  . 
Sb,   . 


trace  Zn, 2.3 

35.7  Fe, 10.8 

7.3  S, 17.1 

00.0  Insoluble,          .         .         .  5.0 


00.0 
Specific  gravity,  5.65. 


96.7 


Specimens  of  this  ore,  submitted  to  Charles  P.  Berkey,  of 
Columbia  University,  were  pronounced  by  him,  from  micro- 
scopic evidence,  to  be  aggregates.  A  polished  surface  of  the 
ore  under  the  microscope  showed  that  it  was  an  intergrowth 
of  several  simple  metallic  minerals  which  had  developed  a 
micrographic  structure  in  solidification. 

I  found  that  in  cyanide  solution  this  particular  ore  acts  very 
peculiarly.  A  sample  ground  so  as  to  all  pass  through  a  200- 
mesh  screen  was  treated  by  successive  air-agitations  in  fresh 
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flolutions  of  0.04  per  cent,  of  KCN,  which  carried  also  0.5  per 
cent,  of  CaO  and  0.05  per  cent,  of  lead  acetate.  During  the  first 
60  hr.  of  treatment,  practically  none  of  the  silver  went  into 
solution,  while  the  copper,  on  the  other  hand,  was  almost  com- 
pletely dissolved.  At  the  end  of  60  hr.,  solution  of  the  silver 
commenced  to  take  place,  and  was  fairly  rapid  until  the  100th 
hour.  From  100  to  180  hr.  the  silver  went  into  solution  more 
slowly.  At  the  end  of  180  hr.  the  extraction  of  the  silver  was 
still  only  87.86  per  cent.,  while  that  of  the  copper  was  97.73 
per  cent.  The  weight  of  potassium  cyanide  consumed  or  de- 
composed was  actually  greater  than  the  weight  of  the  sample. 
Naturally,  the  presence  of  any  considerable  quantity  of  this 
rich  silver-copper  compound  would  be  very  undesirable  in  the 
tailings  when  treated  with  cyanide  solution,  and,  fortunately, 
it  can  be  almost  completely  removed  by  careful  table-concen- 
tration. 

General  Outline  of  the  Milling  Process. 

The  ore  from  the  mine  is  hauled  out  by  way  of  the  No.  7, 
or  lowest,  tunnel  in  trains  of  1-ton  cars,  by  mules,  and  dumped 
into  a  250-ton  steel  ore-bin  at  the  top  of  the  mill.  An  auto- 
matic feeder  draws  ore  from  the  bin  and  drops  it  on  a  shaking- 
grizzly.  The  oversize  from  the  grizzly  falls  into  a  gyratory 
breaker,  and  then  is  sorted  on  a  picking-belt,  where  waste  as 
well  as  high-grade  ore  is  removed.  This  section  of  the  plant 
has  a  capacity  of  20  tons  per  hour,  so  that  the  required  mill- 
tonnage  may  be  crushed,  sorted,  weighed,  sampled,  and  dis 
tributed  to  the  two  mills  during  the  day  shift.  A  complete 
flow-sheet  of  the  milling  and  cyanide  operation  is  given  in 
Fig.  4. 

Depending  upon  the  distribution  desired,  from  50  to  56  per 
cent,  of  the  crushed  ore  is  sent  to  No.  1  mill,  where  it  is 
crushed  further  by  rolls,  the  sizing  being  done  by  trommels 
and  hydraulic  classifiers,  and  the  concentrating  by  Harz  jigs, 
Wilfley  tables,  and  Frue  vanners.  The  balance  of  the  crushed 
ore  from  the  breaker-plant  is  sent  over  a  belt-conveyor  to 
No.  2  mill,  where  the  final  crushing  is  done  by  twenty  1,200-lb. 
gravity  stamps,  the  sizing  by  a  Richards  vortex  type  of  hy- 
draulic classifier,  and  the  concentration  by  Wilfley  sand-tables 
and  Deister  slimers.  In  the  No.  2  mill  the  middlings  from  the 
Wilfley  tables  are  reground  in  a  5-ft.  grinding-pan,  and  join 
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the  slime  middlings  from  the  Deisters  to  be  re-treated  on  a 
Deister  slime-table.  The  results  obtained  from  the  No.  2  mill, 
with  its  simple  but  thorough  scheme  of  concentration,  have  been 
considerably  better  than  those  obtained  in  the  stage-crushing 
mill  during  the  same  periods,  and  will  be  referred  to  in  detail 
further  on  in  this  paper. 

On  account  of  the  rapid  decomposition  of  cyanide  if  solution 
is  allowed  to  be  in  contact  with  the  sulphides  of  the  Tigre  ore, 
the  concentration  in  both  mills  is  done  in  water,  suflSlcient  lime 
being  added  to  the  crushed  ore  at  the  breaker- plant  to  aid  the 
settling  of  slime,  and  to  make  the  tailings  alkaline  before 
coming  in  contact  with  solution. 

The  tailings  from  both  mills  flow  by  gravity  to  the  tube-mill 
section  of  the  plant,  where  they  are  classified  in  two  drag-classi- 
fiers and  the  material  coarser  than  200-me8h  dewatered  in  two  5- 
by  14-ft.  tube-mills.  The  product  of  these  tube-mills  is  elevated, 
and  joins  the  product  of  three  other  tube-mills  for  classifica- 
tion in  solution  by  three  drag-classifiers  similar  to  the  first  two. 
The  sand  from  the  last  three  classifiers  goes  to  the  correspond- 
ing tube-mills,  and  in  this  manner  a  closed  grinding-circuit  is 
made  from  which  only  material  of  the  required  degree  of  fine- 
ness may  escape.  Old  tailings  from  the  dumps  at  the  rate  of 
75  tons  per  day  are  delivered  to  drag-classifiers  Nos.  8  and  4 
after  being  thoroughly  screened,  sampled,  weighed,  and  mixed 
with  lime  and  solution. 

The  slime  from  No.  1  and  No.  2  classifiers  is  dewatered  by 
means  of  two  24-  by  12-ft.  Dorr  slime-thickening  tanks  fol- 
lowed by  vacuum  filtration.  The  slime  from  the  other  classi- 
fiers, which  is  in  solution,  is  thickened  in  a  24-  by  12-ft.  Dorr 
thickening-tank,  and  joins  the  dewatered  slime  for  continuous 
treatment  in  a  series  of  eight  15-  by  40-ft.  Pachuca  tanks. 
At  this  stage  the  pulp  has  a  consistency  of  2  of  liquid  to  1 
of  solid  by  weight,  and  sodium  cyanide  is  added  at  the  first 
treatment-tank  to  bring  the  strength  of  solution  up  to  0.35  per 
cent,  in  terms  of  KCN.  Protective  alkalinity  is  maintained  at 
from  1.5  to  2.0  lb.  of  CaO  per  ton  of  solution.  The  use  of 
lead  acetate  was  discontinued  after  the  first  six  weeks  of  opera- 
tion. In  flowing  through  the  series  of  treatment-tanks  the 
slime  receives  the  equivalent  of  48  hr.  treatment.  From  the 
last   tank  it  is  allowed  to  discharge  into  two  24-  by   12-ft. 
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BREAKER  AND  SAMPLING-PLANT. 

1  250-ton  Bteel  Ore- Bin,  15  ft.  by  30  ft. 

1  Revolving-drum  Ore-Feeder,  24  In.  bv  27  In. 

1  Shaklng-Grizzlv,  30  in.  by  78  in..  1.5  in.  spacing. 

1  No.  4  Style  "  K  ^*  Allis-Chal.  Breaker  set  to  1.5  in. 

1  Sorting-Belt,  2.8  ft.  long,  32  in.  wide,  6-ply.  %  in. 
rubber  cover,  speed  60  ft.  per  min. 

1  Blake-D.  automatic  Weighing-Machlne. 

1  Belt-Conveyor,  width  14  in.,  length  87  in.,  speed 
160  ft.  per  min.,  5-ply,  %  in.  cover. 

1  Revolving-Cone  Sampler  and  Distributor,  5  per 
cent,  cut,  sending  80  cons  to 

1  Belt-Conveyor,  width  12  in.,  length  179  ft.,  5-ply, 
14  in.  cover,  speed  200  ft.  per  min. 

1  Sample  Crusher.  7  In.  by  10  In. 

1  Snyder  Sampler,  27  in.  diam.,  10  per  cent.  cut. 

1  Sturtevant  Roll-Jaw  Sample-Crusher,  2  in.  by 
6  in. 

1  Set  Sample-Riffles  cutting  10  per  cent,  sample. 

1  Shaklng-GflaKly,  80  in.  by  78  In.,  %  in.  spacing. 

1  No.  2  Austin  Gyratory  Crusher,  set  to  %  in. 

1  Broken-Ore  Bin,  capacity  120  tons. 

2  Eccentric  and  Arc  Fine-Ore-Feeders. 

2  Trommels,  4  ft.  by  5  ft.,  %  in.  round  holes. 


Explanation  otFlow  Lines 

Ore  and  Pulp 

Solution 

Water      


OLiy  CONCENTRATING-PLANT. 

2  Trommels,  4  ft.  by  5  ft.,  ?^  In.  round  holes. 
1  Double-compartment     Bull-Jig,   4-me8h     wire 
screen,  107  2%-in.  strokes  per  min. 

1  D.  C.  Bull-Jig,  4-me8h,  107  IH-In.  strokes  per 
min. 

2  Trommels,  4  ft.  by  5  ft.,  ^  in.  round  holes. 
1  Cole  Dewaterlng-Wheel. 

1  Pair  Roughlng-RoUs,  16  in.  by  36  in.,  Cole  pat- 
tern. 

2  D.  C.  Jigs,  23>i  In.  by  8^  in.,  6-mesh,  170%-In. 
strokes  per  min. 

1  Bucke^£levator  39  ft.  cc,  18  in.  belt,  15  in. 
buckets. 

2  D.  C.  Jigs,  23«^  In.  by  35%  In.,  8-mesh,  170  ^-In. 
strokes  per  min. 

2  Trommels.  4  ft.  by  5  ft,,  l^/^-mm.  round  holes. 
1  Cole  Dewaterlnn -wheel. 
1  Pair  16  in.  by  36  In.  Rolls. 

1  Baffle-Screen  removing  chips  from  water. 

2  Richards-Coggin  ClasfJlflers. 

1  Bucket-Elevator,  42  ft.  cc,  18  In.  10-ply  belt, 
speed  360  ft.  per  min..  buckets  15  In.  by  7  In.  by  6  In. 

1  5- ft.  Spltzkaaten  with  baffle. 

1  RIchards-Coggin  3-spIgot  Classifier. 

1  Three-compartment  Jig,  lO-mesh,  170  ^-in. 
strokes  per  min.,  middlings  from  hutch. 

1  Dewatering  Feed-  and  Storage-Box. 

2  5-ft.  Huntington  Mills,  %-mm.  screens. 

6  No.  5  Wilfley  Tables,  one  for  re-treating  Jig- 
middlings. 

4  16  ft.  Redwood  Settling-Tanks. 

1  Bucket-Elevator,  35  ft.  cc,  12  In.  belt,  9  In. 
buckets. 

6  No.  5  Wilfley  Tables. 

1  No.  5  Wilfley  Table  re-treating  middlings. 

1  9  In.  by  10  In.  Aldrich  Triplex  Pump,  47  R.  P.  M. 

2  V-Bottom  Slime-Thickeners. 

1  Frenier  Spiral  Sand-Pump,  10  In.  by  54  in. 

2  Callow  Pulp-Thickening  Cones,  8  ft.  diam. 
16  6-ft.  Frue  Vanners. 


Figures  denote  short  tons  per  24  hr.  Eatios 
denote  consistency  of  pulp  by  weight  of  solids 
and  weight  of  liquids. 

[10] 


la  a 


ItiCD 

Fig.  4. — Flow-Sheet  for 

Digitized  by  VjOOQIC 


THE  TREATMENT  OP  COMPLEX  8ILTER-0RE. 


779 


I  r^ 


NEW  STAMP-MILL  AND  CONCENTRATOR. 

2  16  ft.  Redwood  Water-Tanks. 

1  350-Ton  Broken-Ore  Bin  fed  by  12  In.  Belt-Conveyor 
and  Traveling-Tripper. 

4  Suspended  Challenge  Ore-Feeders. 

20 1,200-lb.  Gravity  Stamps,  20-me6h  screens,  4  in.  chuck- 
block.  102  71^-in.  drop«  per  min. 

1  Hydraulic  Vortex-Type  Classifer. 

3  16  ft.  Conical-Bottom  De watering-Tanks. 

1  9  ft.  by  8  ft.  Conical- Bottom  Return- Water  Tank. 
1  9  in.  by  10  in.  Triplex  Return- Water  Pump. 

4  No.  6  Wilfley  Tables.  240  R.  P.  M. 
1  No.  5  Wilfley  Table.  240  R.  P.  M. 
1 5-ft.  Grinding-Pan  for  middlings. 
3  Deister  Slime-Tables. 

1  Deister  Slime-Table  re-treating  middlings. 

2  Scobey  Tailings-Samplers. 
2  Concentrates-Bins. 

1 15  ft.  by  lu  ft.  Steel  Solution-Tank. 


CYANIDE-PLANT. 

1  System  Flexible  Tailings-Conveyor  Belts  for  collect- 
ing dump- tailings. 

2  SuHpended  Tailings-Feeders. 

2  4ft.  by  5  ft.  Trommels  for  screening  and  mixing  tail- 
ings with  solution. 
5  42  in.  bv  16  ft.  Drag-ClascAflers. 

1  Lime-Bin  and  feeder,  1>^  tons  p.  d. 

5  f)  ft.  by  14  ft.  Wet-Grinding  Tube- Mills. 

2  24  ft.  by  12  ft.  Dorr  Dewatering-Tanks.  Steel. 

2  Bucket-Elevators,  19  ft.  cc,  18  in.  belt,  15  in.  buckets, 
speed  400  ft.  per  min. 
1  24  ft.  by  12  ft.  Dorr  Slime-Tbickening  Tank,  steel. 
1  Wilfley  Dewatering  Vac.  Filler. 

1  Mechanical  Mixer  for  Slime-cakes 

2  Bucket-Elevators,  39  ft.  9  In.  cc,  18  in.  belt. 

8  15  ft.  by  40  ft.  Tall  Steel  Tanks  for  Treatment  by  sub- 
me?ved  Air-Agitation. 

3  Pumps— vacuum,  water  and  solution. 
2  Water  proofed  Concrete  Sumps. 

2  24  ft.  by  14  ft.  Tigre-type  steel  Pulp-Thickening  Tanks. 
2  20  ft.  by  10  in.  Sand-Filter  Tanks,  steel. 

1  Tigre-type  bottom-drive  mechanical  agitation  Sllme- 
Storage  Tank,  30  ft.  by  12  ft.,  steel. 

2  Merrill  Precipitation-Pre&^es,  one  20-flrame  for  strong 
solution,  other  30-frame  for  weak  solution. 

1  No.  125  Crucible  "Steele-Harvey"  Tilling  Oil  Furnace. 

2  20  ft.  by  10  ft.  Steel  Tanks  for  Barren  Solution. 
1  15  ft.  by  10  ft.  Steel  Tank  for  Wash-Water. 

1  20  ft.  by  10  ft.  Bottom-drive  Mech.  Agitating  Tank  lor 
excera  slime. 

2  16  ft.  by  10  (tRedwood  Conical-Bottom  Water-Tanks— 
one  for  excess  wash-water,  other  for  cwt.  mech'm. 

5  5  ft.  by  14  ft.  ••  Parral "Type  Kelly  Filter-Presses ; 
each  with  1.200  sq.  ft.  of  Filter-area ;  spiral  disintegrali tig- 
conveyor  for  breakingup  and  removing  discharged  cakes. 

1  Scobev  automatic  Tailings-Sampler. 

1  Air-Displacement  Pump  for  returning  excess  slime. 

1  20  ft.  by  10  ft  Steel  Agitating-Tank  for  excess  slime. 

4  15  ft.  by  10  ft.  steel  tanks  with  sand-fllter  bottoms  for 
clarifying  solutions. 

1  Zlnc-Duat  Feeder  and  Mixing-Cone. 

2  20  ft.  by  10  ft.  Steel  Tanks  for  strong  pregnant  solu- 
tion. 

1  Zinc-Dust  Feeder  and  Mixing-Cone. 

2  20  ft  by  10  ft.  Steel  Tanks  for  weak  pregnant  solution. 
2  Aldrich  6  in.  by  7  in.  V.  T.  belt-driven  solution-pumps. 


CAPACITY. 


Breaker  and  sampling-plant,  175  tons  per  10  hr. 
Old  concentrating- plant,  95  tons  per  24  nr.    New 
tamp-mill  and  concentrator,  80  tons  per  24  hr. 
Cyanide-plant,  250  tons  per  24  hr. 


Mills  and  Cyanidb-Plant. 
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Tigre  slime-thickening  tanks.  Here  the  pulp  is  thickened  to 
a  consistency  of  1.5  to  1,  and  then  stored  in  a  30-  by  12-ft. 
mechanically-agitated  slime-storage  tank  of  the  bottom-drive 
type.  Five  Parral-type  Kelly  filter-presses  draw  the  thickened 
slime  from  this  storage-tank  at  a  pressure  of  32  lb.  per  sq.  inch. 

Two  kinds  of  solution,  known  as  strong  and  weak,  are  drawn 
from  the  Eelly  filters.  These  solutions  are  of  nearly  the  same 
cyanide  strength,  but  the  strong  solution  is  obtained  during 
the  formation  of  cakes  on  the  filter-leaves,  while  the  weak  solu- 
tion is  obtained  in  the  washing-period.  The  strong  solution, 
to  which  is  added  that  which  is  obtained  at  the  two  Tigre 
slime-thickeners,  is  partly  precipitated  with  zinc-dust,  and  then 
returned  to  the  plant  for  treating  tailings  as  before.  The  weak 
solution  forms  a  closed  circuit,  being  precipitated  completely 
with  zinc-dust  and  then  used  again  for  washing  the  caked 
slime  in  the  Kelly  filters. 

The  precipitate,  in  spite  of  its  high  percentage  in  copper,  is 
melted  directly  into  bullion-bars  in  oil-fired  tilting-furnaces. 
By  a  special  method  of  fluxing  and  refining,  which  will  be  de- 
scribed later,  the  greater  part  of  the  copper  and  zinc  in  the 
precipitate  is  removed,  and  bars  of  from  800  to  850  fineness 
are  obtained  from  precipitates  of  60  per  cent,  average  silver- 
content. 

Bullion-bars  and  concentrates  are  sold,  while  the  residues 
discharged  from  the  filter-plant,  which  carry  undissolved  gold 
and  silver  to  the  value  of  from  80  cents  to  $1.10  per  ton,  are  at 
present  allowed  to  run  to  waste  in  the  Tigre  Canon  with  from 
42  to  45  per  cent,  of  moisture.  A  dam  is  now  being  built 
below  the  plant  to  impound  the  residues. 

Breaker-Flant  and  Sampling-Arrangements, 

The  run-of-mine  ore  is  drawn  from  the  15-  by  30-ft.  steel 
ore-bin  by  a  revolving-drum  ore-feeder  and  falls  on  a  30-  by 
78-in.  shaking-grizzly,  the  bars  of  which  are  spaced  1.5  in.  apart 
and  have  a  downward  inclination  of  14°.  Owing  to  a  device 
which  gives  a  quick  return-movement  to  the  grizzly,  the  ma- 
terial on  it  is  screened  very  thoroughly  and  made  to  run  for- 
ward in  a  uniform  stream  to  the  gyratory  breaker.  Pieces  of 
ore  smaller  than  1.5  in.,  which  drop  through  the  grizzly  bars, 
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are  delivered  from  a  spout  on  a  14-iii.  belt-conveyor  that  runs 
under  and  receives  the  discharge  from  the  82-in.  sorting-belt. 
The  sorting-belt  takes  the  product  of  the  Xo.  4  style  K  gyra- 
tory breaker.  Three  Chinese  boys  in  10  hr.  are  able  to  pick 
from  the  belt  1.5  tons  of  waste  and  0.75  ton  of  high-grade  ore. 
The  average  assays  of  waste  and  high-grade  picked  from  the 
belt  are  as  follows : 

"Waste — ^gold,  trace;  silver,  2.2  oz.  per  ton.  High-grade — 
gold,  1.9;  silver,  234.8  oz.  per  ton. 

The  percentage  of  recovery  by  sorting  is  as  follows: 

Per  Cent. 

Of  the  gold  in  the  run-of-mine  ore, 3. 7 

Of  the  ftilver  in  the  run-of-mine  ore, 2.5 

Of  the  value  of  gold  and  silver  in  ore, 2. 7 

The  cost  of  sorting  is  about  4  cents  per  ton,  ot  which  labor 
is  3.2  cents,  and  power  0.7  cent. 

All  of  the  ore  is  weighed  by  means  of  a  Blake-Dension 
machine  as  it  is  carried  on  the  14-in.  conveying-belt  to  the 
concentrating-mills.  This  conveyor  discharges  the  ore  into  a 
machine  which  distributes  it  in  the  desired  proportion  between 
the  two  mills,  at  the  same  time  cutting  a  5  per  cent,  sample. 
The  distributing-and-sampling  device.  Fig.  5,  consists  of  a  cast- 
iron  cone  with  a  single  discharge-spout  that  revolves  about  a 
vertical  axis  over  a  stationary  cone  with  three  compartments. 
Between  the  two  large  compartments  is  an  adjustable  partition 
which  may  be  set  to  various  positions  corresponding  to  per- 
centages of  the  total  ore  that  it  is  desired  to  give  to  the  No.  1 
mill.  Prom  the  compartment  corresponding  to  No.  2  mill  a 
discharge-spout  delivers  the  material  to  a  12-in.  conveying-belt, 
which  carries  it  to  the  stamp-battery  ore-bin.  From  the  small 
sample-compartment  the  portion  of  ore  cut  for  sampling  is 
dropped  into  a  7-  by  10-in.  Blake  crusher,  which  reduces  the 
size  of  the  largest  pieces  to  0.75-in.  ring.  A  Snyder  sampler 
placed  below  the  crusher  takes  out  10  per  cent,  of  the  original 
sample,  and  the  large  pieces  in  this  sample  are  crushed  in  a  2- 
by  6-in.  Sturtevant  roll-jaw  crusher,  after  which  the  amount 
of  the  sample  is  reduced  again  by  sets  of  riffle-boxes  until 
about  40  lb.  is  obtained  for  sending  to  the  assay-office.  The 
rejected  portions  of  ore  at  each  step  in  the  sampling  drop  into 
the  broken-ore  storage-bin  of  No.  1  concentrator. 
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Concentration  in  No.  1  Mill. 
A  shaking-grizzly  with  bars  spaced  0.75  in.  apart  is  placed 
below  the  distributing-machine  and  screens  the  ore  sent  to 
No.  1  mill.     The  oversize  from  this  grizzly  is  reduced  to  pass 


CliMUp  Rlns_[L- 


ELEVATION  SECTION  ON  O.  L. 

DETAILOF  SAMPLE  CHUTE 


section  of  lower  cone 
showing  sample  chute  and  spqyj 

Fig.  5. — 48-in.  Distributing  and  Ore-Sampling  Hopper. 

a  1-in.  ring  by  a  No.  2  Austin  gyratory  crusher.  The  under- 
size  from  the  grizzly  and  the  product  of  the  crusher  are  col- 
lected in  a  storage-bin  of  120  tons  capacity.    Automatic  feeders 
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draw  the  ore  from  this  bin  to  the  first  trommels,  where  mill- 
water  is  added  for  the  first  time.  The  trommels  are  4  ft.  in 
diameter  by^S  ft.  in  length,  and  have  holes  |  in.  in  diameter 
punched  in  plates  y\  in.  thick.  The  oversize  from  the  first 
pair  of  trommels  is  carried  with  water  in  a  launder  to  a  double- 
compartment  bull-jig  of  the  Harz  type,  which  makes  107 
2|-in.  strokes  per  minute,  and  uses  a  4-me8h  wire  screen  with 
a  mineral  bed  in  which  concentrates  are  collected  for  periodi- 
cal removal  by  an  attendant  with  a  shovel.  The  tailings  from 
the  jig  are  crushed  in  a  pair  of  16-  by  36-in.  rolls,  and  are  then 
elevated  and  screened  in  a  second  pair  of  4-  by  5-ft.  trommels. 

The  second  trommels  have  f-in.  holes,  and  their  product, 
consisting  of  pieces  which  range  in  size  from  f  to  f  in.,  is  de- 
livered to  a  double-compartment  bull-jig,  similar  to  the  first 
but  having  a  If -in.  stroke.  The  tailings  from  this  jig  join  those 
from  the  first  for  crushing,  and  return  to  the  second  pair  of 
trommels. 

The  concentrates  from  the  bull-jigs  amount  to  about  10  per 
cent,  by  weight  of  the  total  concentrates  of  the  mill. 

The  third  pair  of  trommels,  which  takes  the  undersize  from 
the  second  pair,  has  yV^^*  J^^l^s?  ^^^  its  product  is  sent  to 
four  double-compartment  Harz  jigs,  which  make  170  strokes 
per  minute.  Two  of  these  jigs  work  on  a  0.75-in.  stroke,  w^hile 
the  others  use  a  |-in.  stroke.  The  concentrates  are  drawn  oft 
continuously  from  iron  hutch-doors,  while  the  tailings  are  de- 
watered,  crushed  in  a  pair  of  16-  by  36-in.  rolls,  and  then 
elevated  to  the  third  pair  of  trommels. 

The  fourth  pair  of  trommels  has  1.5-mm.  holes  and  takes  the 
undersize  from  the  third  pair.  Its  oversize  is  dropped  to  the 
16-  by  36-in.  rolls,  where  it  joins  the  tailings  from  the  Harz 
jigs.  Its  undersize  is  sent  to  a  pair  of  Richards-Coggin  hy- 
draulic classifiers,  which  sort  out  the  coarser  particles  for  con- 
centration in  a  three-compartment  Harz  jig.  This  jig  makes 
170  f-in.  strokes  per  minute  and  produces  middlings  that  are 
further  concentrated  on  a  Wilfley  table,  while  its  tailings  are  sent 
to  one  of  two  5-ft.  Huntington  mills  for  regrinding  through 
0.75-mm.  punched  screens. 

The  overflow  from  the  first  classifiers  is  delivered  to  a  5-ft. 
spUzkasien.  The  overflow  of  the  latter,  consisting  of  slime  fine 
enough  for  vanner-treatment,  is  sent  to  y-bottom  slime-thick- 
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eners.  The  spigot-product  of  the  spitzkasten  is  divided  into 
four  classes  by  means  of  a  three-compartment  Richards-Coggin 
classifier.  Three  of  the  classes  consist  of  sand  particles,  which 
are  treated  on  Wilfley  tables.  The  fourth  class  is  the  slime 
overflow,  which  is  sent  to  the  y-bottom  tanks  for  thickening 
previous  to  treatment  on  Frue  vanners. 

There  are  12  No.  5  Wilfley  tables,  one  of  which  is  used  for 
the  re-treatment  of  the  middlings  from  the  others.  Eleven  of  the 
tables  make  four  products :  slime,  which  is  drawn  ofl^  nearest 
the  head  of  the  table  and  sent  to  the  Callow  pulp-thickening 
cones  previous  to  vanner-treatment;  sand  tailings,  which  are  sent 
to  the  cyanide-plant;  middlings,  which  are  re-treated  on  the 
twelfth  Wilfley  table;  and  concentrates,  which  are  carried 
away  in  shaking-launders  and  delivered  to  a  dewatering  stor- 
age-bin. 

There  are  sixteen  6-ft.  Frue  vanners.  The  feed  for  them  is 
thickened  to  about  1  to  4,  solid  to  liquid  ratio.  The  concen- 
trates are  partly  removed  from  the  belts  by  rollers  on  the  under 
side,  which  are  wound  spirally  with  strips  of  old  rubber  belting. 
Tailings  from  the  vanners  join  the  sand  tailings  from  the  Wilfley 
tables  and  are  sent  to  the  cyanide-plant. 

Table  L—  Wear  of  Roll-SheUs  at  No.  1  Mill. 


Coarse  Rolls, 
16  by  36  lu. 


Material Mid  vale  steel. 

Service Material    v 


Original  weight  of  each  shell , 

Average  weight  when  discarded.. 
Percent,  efficiency  wear  of  steel. 

Number  of  dajs  in  service 

Total  tons  of  ore  treated.. 


1.5-in.  size  crushed 
to  0.2o-in.  ring. 
1,417  lb. 
230  lb. 
84  per  cent. 
148 
14,163.48 


Cost  of  steel  per  ton  of  ore  treated I     $0.0324 


Fine  RolU. 
16  by  36  in. 


I  Mid  vale  steel. 
-  to   U ndersize  from  ^^^  -in. 


trommels   crushed 
to  2  mm. 
1,417  lb. 
301  lb. 
79  per  cent. 
119 
11,630.37 
$0.0376 


Note. — The  shells  are  rough  machined  with  both  inside  and  outaide  faces  par- 
allel, and  are  fastened  to  the  roll-centers  by  hard-pine  wedges  |i  in.  thick.  Al- 
ternating with  the  wooden  wedges  are  iron  wedges  J  in.  thick  and  6  in.  long. 
Shells  fastened  in  this  manner  seldom  slip,  but  usually  break  when  the  sleel  is 
about  0.5  in.  thick. 
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Table  IL —  Wear  of  TrommeUScreens  at  No.  1  MilL 


I  Trommels. 


Thickness  of  plates  used i      ^-^  in. 

Number  of  units  in  use 

Life  of  screens,  months 

Tods  of  o  re  screened 


4 

7 
21,000 


Trommels. 


0.25  in. 

8 

7 

21,000 


Trommeli}. 


1.5-mm. 
Trommels. 


Xo.  10  gauge  No.  16  gauge 
8  12 

«  2 

18,860  6,850 


In  the  HuQtington  mills,  both  punched  and  woven-wire 
screens  have  been  tried,  with  results  in  favor  of  the  former : 
l-mm.  No.  26  gauge  punched-plate  screens,  although  their 
screening- capacity  was  somewhat  less,  outlasted  the  Tyler 
0.75-mm.  Ton-cap  wire  screens,  and  cost  only  $0.35  per  unit,  as 
against  |0.96  for  Ton-cap  screens. 

Table  III. —  Wear  of  Harz  Jig-Screens  at  No,  1  MilL 


Mesh  of  screen  used 

Size  of  wire  in  screen 

Diameter  of  openings,  inch. 
Life  with  steel  wire,  days.. 
Life  with  hraas  wire,  days.. 


BuU-JIgs.      MMdle  Jigs.  I  Middle  Jigs.  I  Sand-Jigs. 
No.  1.       I      No.  2. 


4 
No.  12 
0145 
39 
59 


6 
No.  14 
0.082 

120 


8 
No.  16 
0.060 

120 


10 
No.  20 


40 


Note.— Steel  wire  has  been  found  to  be  mora  economical  than  brass  wire  for  the 
screens  of  the  bull-jigs,  on  account  of  the  cost  of  the  steel  wire  being  only  one- 
third  that  of  the  brass. 

Concentration  in  No.  2  Mill. 

The  broken  ore  for  No.  2  mill  is  carried  from  the  distributor 
to  a  350-ton  ore-bin  by  a  12-in.  conveying-belt,  and  is  evenly 
piled  in  the  bin  behind  the  stamps  by  an  automatic  traveling- 
tripper.  From  here  the  ore  is  drawn  and  fed  to  the  stamps  by 
four  Challenge  ore-feeders  of  the  suspended  type. 

The  stamps  are  each  1,200  lb.  in  weight  when  shoes  are  new. 
The  dimensions  of  the  principal  parts  are  as  follows : 


Shoe, 

Die, 

Head, 

Stem, 

Tappet, 


9  in.  by  9  in.,  made  of  chrome  forged  steel. 
9.25  in.  by  8  in.,  made  of  chrome  forged  steel. 
9  in.  by  20  in.,  made  of  chrome  steeL 
3.75  in.  by  14  ft.,  made  of  extra-refined  steel. 
9'i  in.  by  15.75  in.,  chrome  steel. 
[17] 
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When  running  at  full  capacity  the  stamps  make  102  7.5-in. 
drops  per  minute,  and  use  a  4-in.  steel-faced  chuck-block. 
The  screens  are  20-me8h  Ludlow-Saylor  rolled  slot  No.  25-wire 
screens.  Under  such  conditions,  and  with  6  tons  of  water  sup- 
plied to  the  mortars  for  each  ton  of  ore,  each  stamp  has  a  capac- 
ity of  between  5  and  6  tons  per  day. 

The  mortars  weigh  10,000  lb.  and  are  of  the  narrow  single- 
discharge  type.  El  Oro  pattern,  and  were  specially  manufac- 
tured by  the  AUis-Chalmers  Co.  in  two  sections  with  a  vertical 
dove-tail  longitudinal  joint,  in  order  to  facilitate  transportation 
in  wagons  from  the  railway  to  the  mine.  The  battery-posts 
are  set  in  cast-iron  shoes  which  hold  them  securely  to  the  con- 
crete foundations.  Rubber  sheets  0.25  in.  thick  are  placed 
under  both  the  mortars  and  cast-iron  post  shoes.  The  20 
stamps  and  the  12-in.  belt-conveyor  are  driven  by  a  75-h-p- 
slip-ring  induction-motor. 

A  typical  screen-test  on  the  pulp  discharged  from  the  stamp, 
battery  is  as  follows : 

Per  Cent. 

On    20-mesh  screeD, 0.5 

On    40-inesh  ecreen, 16.4 

On    60-tne8li  screen, 15.7 

On    SO-mesh  screen, 8.4 

On  lOO-mesh  screen, 3.0 

On  200-me8h  screen, 9.2 

Through  200-mesh  screen, 47.8 

100.0 

The  pulp  from  the  stamps  is  classified  into  two  grades  of 
sand  and  one  grade  of  slime  by  a  Richards  vortex-type  hy- 
draulic classifier  which  has  four  spigots.  The  first  two  spigots 
deliver  coarse  sand  for  treatment  on  two  No.  6  Wilfley  tables. 
The  last  two  spigots  separate  the  greater  part  of  the  fine  sand 
particles  from  the  slime  for  treatment  on  three  No.  6  Wilfley 
tables.  The  slime  overflow  from  the  classifier  is  thickened  in 
three  cone-bottomed  tanks,  each  of  which  is  16  ft.  in  diameter. 
The  slime,  at  a  consistency  of  1  part  of  solid  to  4  parts  of  water, 
is  drawn  by  siphon-discharge  from  the  settling-tanks  and  sent 
to  three  Deister  slirae-tables.  Fig.  6.  (It  should  be  mentioned 
here,  to  avoid  confusion,  that  in  this  paper  the  term  "  slime  " 
is  used  to  designate  a  suspension  of  ore  particles  in  a  liquid, 
where  the  size  of  the  particles  is  such  that  they  will  pass  through 
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a  standard  200-me8h  woven-wire  screen,  irrespective  of  the 
physical  character  of  the  particles,  which  may  be  either  crys- 
talline or  amorphous.) 

The  Wilfley  tables,  treating  the  coarse  and  fine  sands  from 
the  hydraulic  classifier,  make  three  products — concentrates, 
middlings,  and  tailings.  The  middlings  are  reground  in  a  Colo- 
rado Iron  Works  5-ft.  grinding-pan  and  join  the  middlings  from 
the  three  Deister  slime-tables  for  re-treatment  on  a  fourth  Deister 
table.  The  work  done  by  the  grinding-pan  when  working  at 
a  capacity  of  about  8  tons  per  day  is  shown  by  the  follow- 
ing average  screen-test : 


Feed. 
Screen  Siae.  Per  Cent. 

On    40-me8h 8.4 

On    eo-mesh, 13.4 

On    SO-mesh, 1^.6 

On  lOO-mesh, 12.0 

On  200-me»h, 21.0 

Through  200-me3h, 2S.6 


Discharge. 

Per  Cent. 

2.2 

10.0 

16.6 

15.0 

17.2 

39.0 


100.0  100.0 

It  will  be  noted  that  there  are  no  elevators  in  No.  2  mill,  and 
that  the  scheme  of  treatment  is  very  direct  and  simple.  As  a 
result,  less  power,  fewer  repairs,  and  smaller  attendance  are 
required  for  the  treatment  of  the  same  tonnage  of  ore  that  is 
treated  in  No.  1  mill.  It  was  not  expected,  however,  that  the 
No.  2  mill  would  give  better  recovery  than  the  old  mill  from 
the  Tigre  ore ;  but,  not  only  are  the  concentrates  made  by  it  of 
better  grade  than  those  from  No.  1,  but  a  better  extraction  is 
obtained,  thus  proving,  for  the  case  of  this  ore  at  least,  that 
simplicity  of  treatment  may  aid  recovery  as  well  as  reduce 
operating-cost. 


Table  IV. — Screen-Tests  Comparing  Tailings  and  Concentrates 
from  No.  1  and  No.  2  Mills. 

Tailings. 

Table-Concentrates 

Screen  Sire. 

No.  1  Mill.      ;     No.  2  Mill. 

No.  1  Mill. 

Per  Cent. 
5.9 
10.5 
15.2 
15.7 
13.7 
15.0 
24.0 

No.  2  Mill. 

On     20-mefih 

Per  Cent      1      Per  Cent. 
0.5         1            1.2 

Per  Cent. 
0.3 

On    40-me8h 

16.2 

20.0 

6.8 

4.4 

7.0 

45.1 

11.7 
17.2 
10.2 
4.9 
7.3 
47.5 

6.2 

On    GO-mesh 

12.6 

On    80-me6h 

12.3 

On  lOO-mesh 

13.3 

On  200-me8h 

22.3 

Throuirh  200-meBh. 

33.0 

I 
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The  total  average  power,  including  lights,  required  for  No.  1 
mill,  is  167.1  h-p.,  as  compared  with  86.2  h-p.  for  No.  2. 

The  costs  per  ton  of  ore  milled  are :  No.  1  mill,  $1,895,  and 
No.  2  mill,  $0,673  per  ton. 

The  recoveries  in  the  two  mills,  based  on  total  value  of  the 
gold  and  silver  produced  in  concentrates,  compared  with  the 
value  in  the  sorted  mine-ore,  are :  No.  1  mill,  59.6,  and  No.  2 
mill,  62.6  per  cent. 

Table  V. — Launder-Falls  Used  in  No.  2  Mill. 


Location. 


I 


Size. 
jDlludonofPulp. 

Width.  Height.!  S:L 


Inch. 
8 
6 
6 
8 
6 


Stamps  to  classifier 

Classified  coarse  sand  to  Wilflejs . 

Classified  fine  sand  to  Wilfleys 

Slime  to  dewatering- tanks 

Thickened  slime  to  Deister  tables. 

Sand  tailings  from  WUfiey  tables 8 

Middlings  from  Wilfiejs  to  pan 4 

Concentrates  from  Wilfiejs  tobin 4 

Slime  tailings  from  Deister  tables 6 

Middlings  from  Deisters  to  4th  table ...        4 
Concentrates  from  Deisters 4 


Inch. 
8 
6 
6 
8 
6 
8 
4 
6 
6 
4 
6 


:  6 
:3 

!3 

:20 

:4 
:5 

:2 


Fall. 
Per  Foot. 


Inch. 
i 
i 

i 
i 

i 

1 
1 


1  :7 
1  :4 


li 


Tube- Milling  and  Classification. 

The  equipment  for  regrinding  the  sand  particles  in  the  tail- 
ings consists  of  five  5-in.  by  14-ft.  wet-grinding  tube-mills,  made 
by  the  Power  &  Mining  Machinery  Co.  These  mills  are 
equipped  with  spiral  scoop-feeders,  and  are  driven  at  the  feed 
end  by  two  sets  of  gears  direct  connected  to  individual  motors 
by' specially  designed  flexible  leather-link  couplings.  The  dis- 
charge ends  are  fitted  with  worm  pebble-feed  castings.  Both 
ribbed  liners  and  grating  liners  set  on  steel  Uner-plates  are  in 
use,  with  results  in  favor  of  the  latter.  The  mills  operate  to 
best  advantage  when  filled  with  pebbles  to  about  6  in.  above 
the  center-line.  In  spite  of  high  first-cost,  it  has  been  found 
more  economical  to  use  only  the  best  grade  of  imported  flint 
pebbles,  ranging  in  size  from  2  to  4  in.  in  diameter.  Quartz 
rock,  obtained  locally,  was  unsatisfactory,  not  only  in  the  amount 
needed  to  keep  the  mills  loaded,  but  also  in  efliciency  of  grind- 
ing and  in  wear  on  the  linings.     The  sand  fed  to  the  tube-mills 
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Ib  maintained  at  a  dilation  of  a  little  less  than  1  part  of  solution 
to  1  part  of  sand  by  weight.  Feed  thicker  than  this  deadens 
the  blows  of  the  pebbles  in  the  mills  and  lowers  the  grinding- 
capacity,  while  a  more  dilute  feed  carries  the  sand  through 
the  mill  before  the  particles  have  had  sufficient  grinding  done 
upon  them.  The  power  consumed  by  each  tube-mill  ranges 
from  43  to  48  h-p.,  according  to  the  height  of  the  pebbles  in 
the  mill.  While  starting,  each  mill  requires  from  110  to  120 
h-p.  for  a  few  seconds  until  the  mill  is  brought  up  to  its  normal 
speed. 

In  order  that  the  tube-mill  plant  may  be  capable  of  grinding 
the  sand  from  170  tons  of  concentrator-tailings,  along  with  75 
tons  of  sand  tailings  from  the  dump,  it  is  necessary  to  insure 
that  the  size  of  the  sand  particles  from  the  concentrating-mills 
does  not  exceed  0.75  mm.  When  sand  coarser  than  this  limit 
is  sent  to  the  tube-mills,  their  capacity  in  product  finer  than 
200-mesh  diminishes  very  rapidly.  Under  normal  conditions 
the  slime  delivered  to  the  treatment-tanks  has  from  80  to  85  per 
cent,  of  material  finer  than  200-mesh  and  less  than  5  per  cent, 
coarser  than  100-mesh. 

The  drag-classifiers  (Fig.  7)  which  make  the  separation  of 
sand  from  slime  are  in  reality  flight-conveyors,  which  elevate 
and  dewater  the  particles  of  tailings  that  settle  in  steel  boxes  of 
special  shape.  It  will  be  noticed  from  Fig.  8  that  the  overflow 
for  the  slime  is  such  that  the  surface-velocity  in  the  classifier 
is  reduced  to  a  minimum  and  so  facilitates  the  settling  of  fine 
sand. 


Tablb  VI. — Screen-Testa  on  Claasijiers  Nos.  1  and  2,  Pulp- 
Dilution  at  1:6. 


Feed 

Slime  product.. 
Sand  producL.. 


On 
;      lOO-mesh. 

On 

ISO-mesh. 

Per  Cent. 
3.2 

!           On 
200-me8h. 

Through. 
200-me8h. 

Per  Cent. 
5B.0 

Per  Cent. 
2.1 
9.5 
i          2.2 

!      Per  Cent. 
38.7 
90.5 

91.1 

3.7 

3.0 

In  connection  with  the  tube-mill  plant  is  a  system  of  10-in. 
flexible  belt-conveyors  for  transporting  tailings  from  the  old 
dumps  below  the  mill  to  a  storage-bin,  where  they  are  thoroughly 
screened,  mixed  with  lime,  automatically  sampled  and  weighed, 
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and  then  made  into  a  pulp  with  0.15  per  cent,  of  cyanide  solu- 
tion. The  construction  of  these  conveyors  is  such  that  the  sand 
beneath  them  at  any  place  may  be  excavated  while  the  belt  is 
running,  and  the  framework  sinks  gradually  into  the  new  posi- 
tion. Loading-hoppers  may  be  bolted  to  the  framework  at  any 
point  along  the  belt,  and  the  tailings  shoveled  from  under  and 
from  both  sides  of  the  conveyor.  The  operation  of  lowering 
usually  proceeds  from  the  tail  end  of  the  belt  forward,  and  the 
trenches  are  made  from  3  to  5  ft.  deep  by  12  ft.  wide  at  each 
side.  The  head  end  of  the  first  conveyor  is  driven  by  means 
of  line-shafting  and  a  universal  coupling  at  the  top  of  the  stor- 
age-bin. When  it  is  desired  to  change  the  alignment  of  this 
conveyor,  its  length  is  shortened  to  about  100  ft.,  and,  as  the 
work  of  excavation  proceeds,  new  sections  are  added  until  the 
full  length  of  500  ft.  is  reached.  Such  a  change  is  required 
only  at  intervals  of  six  months  or  longer.  At  the  present  time 
only  one  other  conveyor  is  used  in  connection  with  the  first. 
This  second  conveyor,  of  a  maximum  length  of  450  ft,  is  driven 
by  a  5-h-p.  motor,  and  discharges  at  any  desired  angle  on  the 
first.  Eventually  a  third  conveyor  will  be  required  to  enable  the 
complete  removal  of  all  the  tailings  in  the  dumps.  Four  Chinese 
shovelers  load  from  60  to  80  tons  per  10  hr.  on  the  belts,  and 
they  usually  have  two  loading-hoppers  in  use  at  one  time.  A 
traveling-cableway  with  grab-buckets  was  planned  at  first  for 
the  excavation  of  the  old  dumps,  but,  after  making  a  careful 
analysis  of  first-cost  and  operating-expense,  it  was  concluded 
that  a  cableway  installation  would  not  be  advantageous  on  the 
work  of  handling  such  a  small  tonnage  of  material  per  day. 
The  cost  of  conveying  and  screening  with  the  flexible  conveyor 
arrangement  is  JO.  11  per  ton. 

Dewatering, 
The  removal  of  mill-water  from  the  tailings  previous  to  treat- 
ment in  solution  is  an  obvious  necessity  in  a  cyanide-plant  treat- 
ing such  rich  silver-ore  as  that  of  El  Tigre,  for  every  ton  of 
water  introduced  to  the  cyanide-plant  has  to  displace  a  ton  of 
weak  solution  somewhere,  and  even  the  weak  solution  here  is 
stronger  than  the  working-solution  at  most  mills  treating  gold- 
or  low-grade  silver-ores.  To  avoid  excessive  waste  of  cyanide 
the  dewatering  of  the  tailings  at  El  Tigre  has  to  be  very  thorough. 
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No  difficulty  was  experienced  in  the  removal  of  water  from 
the  sand  portion  of  the  tailings,  for,  in  the  devation  of  this  mate- 
rial by  the  drag-classifiers,  the  sand  is  drained  to  from  20  to  25 
per  cent,  of  moisture  by  the  time  it  reaches  the  discharge  end 
of  the  machine,  where  solution  sprays  dilute  it  and  wash  it  into 
the  tube-mills. 

In  the  case  of  the  natural  slime  separated  from  the  sand  in 
the  first  two  classifiers,  a  surprising  amount  of  difficulty  was 
encountered  while  trying  to  reduce  the  moisture-content  to  40 
per  cent.  It  will  be  seen  from  the  flow-sheet  that  two  Dorr 
slime-thickening  tanks,  24  fb.  in  diameter  by  12  ft.  in  depth, 
were  provided  for  the  part  dewatering  of  this  slime.  The  rate 
of  settlement  was  found  to  be  very  slow,  however,  owing  to  the 
amorphous  character  and  extreme  fineness  of  the  material. 
The  feed  to  the  tanks  consisted  of  a  pulp  which  was  normally 
at  a  dilution  of  1  to  17,  and,  even  when  allowing  the  thickened 
slime  to  discharge  at  1  to  4,  clear  water  overflows  were  not 
obtained  until  accelerating-devices  similar  to  those  described 
by  B.  L.  Ghirdner,  which  were  used  at  the  Sons  of  Qwalia 
mine,  Australia,  were  placed  in  the  tanks,  and  lime  added  to 
the  ore  at  the  breaker-plant  in  the  proportion  of  2  lb.  of  lime  per 
ton  of  ore. 

The  final  dewatering  of  the  thickened  slime  is  done  in  vacuum 
filters  of  local  design,  in  which  the  cakes  are  thrown  off  and 
made  into  a  pulp  with  solution  of  0.15  per  cent,  of  cyanide 
strength. 

A  curious  characteristic  of  the  natural  slime  in  the  ore  at 
El  Tigre  is  that,  per  sCy  it  does  not  settle  to  a  thicker  pulp  than 
1 :  3  in  48  hr.,  even  with  the  aid  of  lime  or  alum  dissolved  in 
the  water.  Lime,  alum,  cyanide,  and  similar  salts  have  a  marked 
eflfect  in  accelerating  the  settlement  of  the  slime  down  to  a  point 
at  about  1 :  6  dilution,  after  which  further  settlement  is  ex- 
tremely slow,  and  finally  reaches  a  point  at  between  1 :  3  and 
1 :  4,  where  the  slime  seems  to  have  reached  what  may  be 
termed  its  critical  condition,  beyond  which  settlement  is 
scarcely  perceptible,  even  in  periods  of  24  hr.  This  critical 
condition  of  the  slime  is  practically  the  same  whether  it  has 
settled  in  clear  water  or  in  a  solution  of  some  salt. 

[25] 
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Treatment. 

The  cyanide-treatment  of  the  tailings  really  commences  in 
the  tube-mills,  where  the  material  is  in  contact  with  a  solution 
of  0.15  per  cent,  of  KCN.  By  the  time  that  the  slime  has 
reached  the  first  treatment-tank  about  65  per  cent,  of  the  gold 
and  about  50  per  cent,  of  the  silver  in  the  tailings  have  been 
taken  up  by  solution. 

The  treatment-tanks  are  of  the  Pachuca  type,*  15  ft.  in  diam- 
eter by  40  ft.  in  height,  and  are  arranged  in  a  series  of  eight 
for  continuous  treatment.  The  total  capacity  of  the  eight 
tanks,  with  a  hydraulic  grade  of  4  ft.  between  the  first  and 
last,  is  560  tons  of  dry  slime  in  a  pulp,  with  dilution  of  1  to 
2 ;  so  that,  when  treating  tailings  at  the  rate  of  250  tons  per 
day,  it  is  safe  to  say  that  all  material  in  the  tanks  obtains  at 
least  48  hr.  of  treatment.  The  chance  of  any  material  escap- 
ing from  the  series  with  less  than  two  days'  treatment  is  ex- 
tremely small,  owing  to  the  number  of  tanks  in  the  series ; 
while  the  gain  in  time  by  not  having  to  fill  and  discharge  the 
tanks  individually,  coupled  with  the  saving  of  corresponding 
expense  in  attendance,  far  more  than  offsets  any  real  or  suj>- 
posed  advantage  that  there  might  be  in  more  positive  control 
of  the  treatment  when  tanks  are  charged  separately. 

The  slime  in  entering  the  first  tank  of  the  series  falls  on 
sodium  cyanide  cake  in  a  perforated  iron  basket.  In  this  way 
the  solution  is  brought  up  to  0.25  per  cent,  in  terms  of  KCN. 

Air  for  agitation  is  compressed  to  25  lb.  per  sq.  in.,  and,  to 
maintain  a  vigorous  movement  of  slime  in  the  tanks,  from  80 
to  100  cu.  ft.  of  free  air  per  minute  per  tank  is  required.  The 
central  air-lift  pipe  of  each  tank  is  18  in.  in  diameter,  and  only 
extends  to  a  point  at  two-thirds  of  the  height  of  the  tank,  thus 
producing  a  submerged  form  of  agitation,  in  which  the  air 
comes  in  contact  with  more  particles  of  slime  than  in  the  usual 
form,  in  which  the  central  pipe  extends  above  the  level  of  the 
slime. 

For  use  in  cases  of  emergency,  high-pressure  air-connections 
are  supplied,  by  means  of  which  air  at  80  lb.  pressure  may  be 
used  inside  the  central  tube,  or  on  the  outside  by  the  aid  of  a 
temporary  hose  and  air-pipe.     As  a  further  precaution,  a  cen- 


»  BuUetin  No.  62,  Februarj,  1912,  p.  206. 
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trifugal  pump  is  placed  under  the  tanks,  and  may  draw  off  the 
contents  of  any  tank  in  the  series.  For  the  purpose  of  dis- 
lodging any  sand  which  might  collect  in  the  pipe-connections 
between  the  tanks,  a  high-pressure  air-connection  is  furnished, 
which,  in  conjunction  with  the  three-way  iron  cock  at  each  of 
the  connections,  enables  the  operator  to  clean  out  the  pipes 
whenever  necessary. 

The  continuous-treatment  system,  as  employed  at  El  Tigre, 
has  proved  very  satisfactory,  and  requires  no  attention  except 
the  occasional  adjustment  of  valves  by  the  shift-boss. 

811706- Thickening  and  Storage. 

The  normal  dilution  of  the  slime  in  the  treatment-tanks  is 
1  to  2.  For  economical  filtration,  this  pulp  is  too  thin,  and  ac- 
cordingly two  24-  by  12-ft.  slime-thickening  tanks  are  used. 
These  tanks  give  an  almost  perfectly  clear  solution  overflow 
and  discharge  from  the  bottom  a  slime  of  about  1  to  1,5  dilution. 
Instead  of  using  the  Dorr  type  of  continuous  thickening  me- 
chanism for  these  tanks,  spiral  blades  of  sheet-steel  supported 
from  a  central  vertical  shaft  are  used.  This  style  of  slime- 
thickening  tank  is  illustrated  in  Fig.  8.  The  worm-gear  wheel 
which  drives  the  mechanism  is  keyed  to  the  central  shaft  on  a 
feather  key,  and  permits  the  blades  to  be  raised  or  lowered  as 
desired.  It  will  be  noted  from  the  illustration  that  the  design 
of  the  blades  is  such  that  thickened  slime  anywhere  on  the 
bottom  of  the  tank  is  continuously  drawn  in  to  the  central 
discharge. 

The  thickened  slime  is  stored  in  a  30-  by  12-ft.  tank,  in 
which  it  is  agitated  by  two  pairs  of  steel  arms  with  hinged  iron 
paddles  that  are  driven  from  beneath  the  tank,  as  shown  in 
Fig.  9.  The  collar  of  this  tank  is  70  ft.  above  the  center-line 
of  the  Kelly  filters,  and  a  mean  gravity  pressure  for  filtration 
of  32  lb.  per  sq.  in.  may  be  obtained  at  the  filters  while  cakes 
are  forming  simultaneously  in  all  five  units. 

Clarification  of  Solutions. 

For  economical  and  satisfactory  precipitation  of  the  gold 
and  silver  from  cyanide  solution  it  is  an  essential  that  the  solu- 
tion be  perfectly  clear,  that  is,  that  there  be  no  solid  matter  in 
suspension  previous  to  the  addition  of   the  zinc-dust.     The 
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overflowing  solution  from  the  thickening-tanks  just  described, 
while  apparently  clear  to  a  casual  observer,  in  reality  still  has 
a  certain  amount  of  very  fine  clay  and  silica  particles  in  sus- 
pension.    In  order  to  clarify  this  and  also  the  cloudy  solutions 


obtained  at  the  filter-plant,  sand-filter  tanks  of  the  usual  type 
were  tried  at  first,  but  were  afterwards  altered,  and  the  sand- 
filter  bottoms  replaced  by  locally  designed  vertical  leaves. 
Each  leaf  is  42  by  120  in.  in  size,  and  is  made  of  grooved  wooden 
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slate  placed  above  a  perforated  iron  pipe  and  inclosed  between 
two  sheets  of  canvas  that  are  sealed  all  around  by  P.  &  B. 
paint  and  a  bolted  iron  frame.  In  this  way  a  perfectly  tight 
filter-leaf  is  obtained  which  has  no  stitching  or  nail-holes  ex- 
posed at  any  part  of  the  surface.  The  leaves  are  supported  on 
channel-irons  with  their  under  sides  12  in.  above  the  bottom 
of  the  tank,  thus  permitting  the  greater  part  of  the  sediment 
to  accumulate  on  the  tank  floor.  The  leaves  are  spaced  18  in. 
apart  so  that,  once  in  six  weeks,  the  cake  which  has  accumu- 
lated may  be  removed  by  hand  with  wooden  scrapers,  and  the 
canvas  scrubbed  with  a  weak  solution  of  hydrochloric  acid. 
The  two  upper  clarifying-tanks  are  20  ft.  in  diameter  by  10  ft. 
high,  and  the  sediment  on  the  bottoms  may  be  washed  out  by  a 
hose  into  the  80-  by  12-ft.  storage-tank.  At  the  filter-plant 
there  are  four  15-  by  10-ft.  clarifying-tanks,  which  are  operated 
in  a  similar  manner  except  that,  when  it  is  desired  to  clean  them, 
the  solution  is  drained  ofiT  thoroughly,  a  wash  of  water  given, 
and  the  sediment  then  allowed  to  run  to  waste. 

Filtration. 

The  choice  of  the  Kelly  type  of  slime-filters  (a  photographic 
view  of  a  Kelly  filter  is  given  in  the  paper  of  W.  P.  Lass  on  the 
cyanide-plant  at  the  Treadwell  mine,  Alaska)  ^  for  the  Tigre 
cyanide-plant  depended  not  so  much  upon  maximum  eflSciency 
in  filtration  as  upon  conservation  of  water.  Owing  to  the  lo- 
cation of  the  plant  in  a  section  of  the  country  which  is  peri- 
odically subjected  to  prolonged  dry  seasons,  and  to  the  fact  that 
the  supply  of  mill-water  is  derived  solely  from  the  mine  and 
varies  according  to  the  rainfall  at  dififerent  seasons,  it  was  im- 
perative to  insure  economy  of  water  in  designing  the  plant. 
Only  after  a  careful  survey  of  and  numerous  tests  with  various 
types  of  filters  which  would  operate  successfully  on  the  clay 
slimes  of  El  Tigre,  it  was  decided  to  install  five  units  of  the 
Parral  type  of  Kelly  presses.  After  solving  certain  initial  me- 
chanical diflBiculties  inherent  in  filters  of  this  sort,  the  Kelly 
plant  has  proved  fairly  satisfactory  and  gives  excellent  metal- 
lurgical results,  though  at  high  operating-cost. 

The  filter  consists  of  a  number  of  vertical  leaves  attached  to 
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a  movable  carriage  that  runs  in  and  out  of  an  inclined  sheet- 
steel  cylinder.  The  movable  head  of  the  cylinder  is  made  to 
seal  the  lower  end  hermetically  when  the  carriage  is  run  in  for 
the  filtering-operation.  When  the  carriage  is  run  out  with  the 
cages  on  the  leaves,  clear  water  and  compressed  air  are  forced 
from  the  inside  of  the  leaves  outward,  and  throw  off  the  cakes 
into  a  large  steel-lined  trough,  at  the  bottom  of  which  a  spiral 
ribbon-conveyor  breaks  up  the  cakes  of  filtered  residue  and 
pushes  it  forward  to  the  discharge-launder.  The  complete 
removal  of  all  slime  that  may  adhere  to  the  leaves,  after  dis- 
charging with  water  and  air  from  the  inside,  is  effected  by 
directing  a  small  stream  of  water  at  high  pressure  through  a 
hose  between  the  leaves. 

The  slime-cake,  after  air-drying  on  the  leaves,  contains  only 
from  24  to  28  per  cent,  of  moisture,  but,  at  the  present  time, 
water  is  added  during  the  discharge  until  there  is  about  45  per 
cent.,  at  which  point  the  slime  may  be  conveniently  carried  off 
in  a  launder  and  sent  to  waste.  It  is  probable,  however,  that 
an  attempt  will  soon  be  made  to  remove  the  slime  residue  from 
the  plant  at  about  30  per  cent,  of  moisture  and  stack  it  by 
means  of  a  flight-conveyor. 

Each  filter  has  13  leaves,  composed  of  an  iron-pipe  frame,  with 
sewed  canvas,  inclosing  vertical  grooved  wooden  slats.  The 
total  filter-area  of  each  press  is  approximately  1,200  sq.  ft.,  and 
the  capacity  50  tons  of  dry  slime  per  day.  The  normal  cycle 
of  filtering-operations  is: 

Time.  Pressure. 

Minutes.  Pounds. 

Filling  with  slime, 4 

Forming  cake  on  the  leaves, 20  10-32 

Discharging  ezoess  slime  and  filling  with  solution,     .            6  4 

Washing  the  cakes  with  barren  solution,                    .          30  25-34 

Discharging  excess  solution  and  filling  with  water,     .            §  4 

Washing  with  water, 4  25 

Blowing  back  excess  water  and  drying  cakes  with  air,             5  10-15 
Discharging  cakes  and  returning  carriage,          .        .     40-60 

Total  time  of  cycle,  from  1  hr.  55  min.  to  2  hr.  15  min. 

In  order  to  prevent  a  building-up  of  dissolved  gold  and  sil- 
ver in  the  excess  solution  used  for  washing,  this  solution  is  run 
into  the  filters  instead  of  slime  once  every  shift,  and  in  this 
way  the  eflBciency  of  the  cyanide  wash  is  made  dependent  only 
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upon  the  skill  of  the  operator  and  the  completeness  of  the  pre- 
cipitation of  the  weak  solution. 

The  excess  slime  is  discharged  by  gravity  from  the  presses 
to  a  tanky  from  which  it  is  returned  to  the  filling  slime-storage 
tank  by  two  Frenier  sand-pumps  in  series.  Excess  wash-solu- 
tion and  water  are  returned  to  their  respective  filling-tanks  by 
compressed  air  admitted  to  the  filter-shells. 

All  five  presses  are  operated  as  one  unit  from  a  single  point 
of  control,  where  the  operator  has  the  valve-levers  conveniently 
arranged. 

Once  in  each  month  a  wash  of  dilute  hydrochloric  acid  is 
given  the  leaves  by  cutting  out  one  press  from  the  rest  and 
pumping  acid  through  the  leaves  for  about  30  min.  The 
strength  of  the  acid  is  determined  by  testing  the  filtrate. 
Commercial  hydrochloric  acid  is  added  to  the  acid-storage  tank 
until  the  filtrate  gives  a  distinct  red  coloration  to  the  litmus 
test-paper. 

During  the  first  3  min.  of  filtering  or  washing,  the  eflSuent 
solutions  are  usually  cloudy,  and,  at  such  times,  are  sent  to 
clarifying-tanks  before  being  precipitated  with  zinc-dust. 

Precipitation. 

The  Merrill  process  of  zinc-dust  precipitation  is  used.  The 
zinc-dust  comes  in  zinc-lined  cases,  and  great  care  is  taken  to 
prevent  oxidation.  The  feeders  are  of  the  improved  hopper- 
and-worm  type,  which  delivers  a  measured  quantity  of  dust 
continuously  to  a  small  multiplex  tube-mill,  in  which  the  dust 
is  thoroughly  emulsified  with  a  stream  of  pregnant  solution 
which  comes  from  the  upper  clarifying-tanks.  The  emulsion 
flows  from  the  little  tube-mill  continuously  through  a  rubber 
hose  placed  in  a  vertical  pipe  connected  with  the  suction  of  a 
6-  by  7-in.  vertical  triplex  belt-driven  Aldrich  pump,  which 
elevates  the  solution  to  the  Merrill  precipitation-press  placed 
in  the  melting-room.  The  use  of  the  little  tube-mill  for  emul- 
sifying the  zinc-dust,  when  precipitating  silver  solutions,  insures 
a  uniform  feed  of  zinc-dust,  brightens  and  subdivides  the  par- 
ticles of  zinc,  and  prevents  trouble  with  the  pumps  from  forma- 
tion of  zinc-cake  on  the  valve-seats. 

Strong  solution  is  precipitated  at  the  rate  of  500  tons  per 
day  in  a  triangular  52-in.  20-frame  press,  the  frames  being  3  in. 
deep.     Weak  solution  is  precipitated  at  the  rate  of  from  600j 
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to  750  tons  per  day  in  a  similar  press  that  has  30  frames.  Since 
the  strong  solution  is  returned  for  the  treatment  of  fresh  tail- 
ings, complete  precipitation  is  not  required,  and  so  a  consider- 
able saving  in  zinc-dust  may  be  obtained.  The  weak  solution, 
however,  which  is  used  for  washing  in  the  filter-plant,  is  pre- 
cipitated as  completely  as  practicable.  The  strong-solution 
press  is  cleaned  up  every  week,  while  the  weak-solution  press 
is  usually  run  for  two  weeks.  Both  presses  have  the  discharge- 
cocks  at  the  top  in  order  to  maintain  a  constant  level  of  solu- 
tion. The  concrete  floor  under  the  presses  drains  to  a  small 
sump,  from  which  all  floor-washings  are  picked  up  and  returned 
to  the  presses  by  means  of  a  small  auxiliary  pump  and  motor, 
which  are  in  use  only  about  5  min.  each  day.  For  clean-up  a 
large  sheet-steel  tray  on  wheels  is  run  under  the  press,  and  the 
precipitate,  after  being  partly  dried  with  air  in  the  press,  is 
scraped  out  of  the  frames  and  allowed  to  fall  into  the  tray. 

The  strong  solution  heads  average  0.02  oz.  of  gold  and  4.50 
oz.  of  silver  per  ton.  A  typical  analysis  of  the  precipitate  from 
the  strong  solution  is:  Au,  0.81;  Ag,  61.96;  Cu,  8.20;  CuO, 
8.01;  Zn,  1.70;  ZnO,  5.85;  SiO^,  4.80;  Al^Oj,  4.50;  Fe^O,, 
1.50;  CaO,  2.12;  undetermined,  6.05;  total,  100.00  per  cent 

The  heads  of  the  weak  solution  average  0.016  oz.  of  gold 
and  8.2  oz.  of  silver  per  ton.  The  barren  weak  solution  aver- 
ages 0.001  oz.  of  gold  and  0.16  oz.  of  silver  for  the  entire  period 
between  clean-ups,  being  higher  at  the  beginning  and  lower  at 
the  end  of  the  time.  A  typical  analysis  of  the  precipitate  from 
the  weak  solution  is:  Au,  0.20;  Ag,  41.82;  Cu,  19.80;  CuO, 
4.01;  Zn,  0.90;  ZnO,  10.00;  SiO^,  4.80;  Al^O,,  8.70;  Fefi,, 
1.80;  CaO,  2.16;  undetermined,  11.81;  total,  100.00  per  cent 

The  zinc-dust  used  for  precipitation  contains  94.7  per  cent 
total  zinc,  of  which  92.7  per  cent,  is  in  the  metallic  state. 

Melting  and  Refining. 
The  precipitate  taken  from  the  presses  is  dried  in  an  elec- 
trically-heated car,  which  has  a  series  of  superimposed  shallow 
pans,  under  which  the  resistance-coils  are  placed.  On  account 
of  the  large  amount  of  moisture  given  oft'  from  the  precipitate 
while  drying,  the  resistance-wires  have  to  be  protected  by  an 
asbestos-paint  covering  in  order  to  prevent  corrosion.  The  car 
has  a  capacity  for  drying  1,000  lb.  of  precipitate  in  10  hr.  and 
takes  4.5  kw.  of  power. 

^^^  Digitized  by  Google 
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Melting  is  done  in  two  No.  125  crucible  Steele-Harvey  oil- 
burning  furnaces  of  the  tilting  type.  The  object  of  the  melting 
is  to  fuse  the  precious  metals  and  to  remove  as  much  of  the 
copper  and  zinc  as  possible  in  a  slag  which  will  also  carry  off 
the  baser  impurities,  such  as  alumina,  silica,  lime,  and  iron. 
To  effect  this  purpose,  fluxes  are  added  to  the  precipitate  in 
such  proportions  that  the  oxides  of  copper  and  zinc  find  suffi- 
cient finely-powdered  silica  present  to  unite  with  it  and  form 
subsilicates ;  the  oxides  of  iron,  aluminum,  and  calcium  find 
sufficient  borax  and  silica  to  dissolve  or  unite  with  them ;  while 
a  small  amount  of  sodium  bicarbonate  and  a  little  fluorspar  are 
added  to  make  the  slag  fluid. 

Flux  for  Strong-Solution  Precipitate. 


Silica  in    Parts 

Borax  in   Parts 

Analysis  of 

Per  100  to  be 

Per  100  to  be 

Pluorepar. 

Soda 

Precipitate. 

Added. 

Added. 

Bicarbonate. 

Per  Cent. 

Au 0.30 

Ajf. 63.13 

1 

Co. 1.5 

CuO 3.14 

Plus,          2.4 

(Factor,  0.76) 

Zn.. 2.0    1 

ZnO. 3.23  1  Plufl,         2.4 

(Factor,  0.74) 

SiO^ 11.6    i  MinuB,    1L6 

A1,0, 5.7    •  Plus,       10.0 

f 

0.6                    9.1 

SiO,  factor,  1.76 
Sodafactor,1.60 
Fluorspar,     0.1 

Fe,0,.-...  1.3    i  Plus,         1.5 

6.0                \  ;Boraxfactor,3.79 
(ISiO,  factor,  1.14 

5.7  5.0  0.6  9.1 

Flux  100  parts  of  precipitate  with  5.7  parts  silica,  5  parts  borax,  0.6  part  fluor- 
spar, and  9. 1  parts  soda  bicarbonate. 

When  fluxed  in  this  manner  the  precipitate  melts  down  very 
nicely.  As  the  charge  sinks  in  the  crucible,  fresh  precipitate, 
mixed  with  flux,  is  added  about  every  20  min.  until  the  cruci- 
ble is  nearly  full  of  metal  and  slag  in  a  state  of  quiet  fusion. 
The  slag  is  then  poured  into  a  conical  pot,  in  which  a  crust  is 
allowed  to  form  to  a  thickness  of  1  in.,  the  molten  slag  inside 
the  crust  being  then  allowed  to  run  out  on  cast-iron  floor-plates. 
The  crusts  from  this  operation  usually  contain  a  small  button 
of  gold  and  silver  at  the  point  of  the  pot,  and  this  button  is 
broken  off,  and  either  put  back  in  the  crucible,  or,  if  matte  be 
present,  is  saved  for  a  separate  treatment  with  other  similar 
buttons.  The  crusts  themselves  carry  sufficient  gold  and  silver 
to  warrant  a  remelting,  while  the  molten  slag  that  is  run  on 
the  floor  is  low  in  value,  and,  once  a  month,  is  weighed,  sam- 
pled, and  returned  to  the  head  of  the  mill.  Digitized  by  GoOqIc 
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After  two  to  three  pourings  of  slag,  the  molten  metals  in  the 
crucible  are  subjected  to  a  refining  process,  which  depends  upon 
the  rapid  formation  of  the  oxides  of  zinc  and  copper  when  these 
metals  are  exposed  to  the  air  at  high  temperature  in  the  molten 
state.  With  the  furnace  tilted  forward,  the  operator  throws  a 
handful  of  bone-ash  over  the  surface  of  the  molten  metal.  This 
thickens  whatever  slag  still  remains,  and  enables  it  to  be  easily 
removed  by  means  of  spirals  of  0.5-in.  round  iron.  The  air 
striking  the  exposed  surface  of  the  metals  rapidly  oxidizes  the 
zinc  and  copper.  After  a  couple  of  minutes,  borax  is  thrown 
on  and  dissolves  the  oxides,  forming  a  slag,  which  is  thickened 
with  bone-ash  and  removed  as  before.  After  about  two  repeti- 
tions of  this  refining,  the  precious  metals  are  ready  for  pouring. 
The  furnace  is  tilted  back  and  the  heat  applied  for  about  5  min. 
with  the  cover  over  the  crucible.  A  step-bottomed  truck,  with 
bullion-molds  that  have  been  heated  and  greased  with  a  mix- 
ture of  oil  and  flake  graphite,  is  then  run  in  front  of  the  fur- 
nace, the  mold  on  the  highest  step  being  set  in  front  of  the 
spout.  The  bars  of  bullion  are  poured  by  tilting  the  furnace 
forward  over  each  of  the  molds  in  turn.  After  removal  from 
the  molds  and  cooling,  the  bars,  which  weigh  from  1,200  to 
1,300  oz.,are  chipped,  sampled  by  drilling  top  and  bottom,  and 
stamped,  ready  for  shipment.  By  this  process,  in  spite  of  the 
high  content  in  copper  carried  by  the  precipitate,  bars  from 
850  to  900  fine  are  obtained. 

From  20  to  80  lb.  of  flue-dust  is  collected  and  removed 
each  month  from  a  large  chamber  outside  the  melting-room 
through  which  the  furnace-gases  are  led.  A  typical  analysis 
of  the  flue-dust  is:  Au,  0.01;  Ag,  21.39;  Cu,  10.40;  Zn,  7.50; 
SiO„  11.08;  AI3O3,  2.90;  Fefi.^,  2.30;  undetermined,  44.42  ^ 
(chiefly  particles  of  borax,  fluorspar,  etc.) ;  total,  100.00  per  cent. 

For  the  remelting  of  slag-crusts,  scraps  of  iron  box-bands 
are  added  to  the  slag  in  the  proportion  of  about  0.5  per  cent 
of  the  weight  of  the  slag,  and  the  slag  put  through  the  furnace 
until  a  button  of  sufficient  size  to  collect  in  the  mold  is  ob- 
tained. Slag  assaying  Au,  1.98;  Ag,  650  oz.  per  ton;  Cu, 
7.5;  Zn,  13.5;  SiO^,  28.1;  Aip^,  11.34;  Fe^Oj,  4.76  per  cent 
was  reduced  in  this  manner  to,  Au,  0.06  and  Ag,  32.34  oz.  per 
ton;  yielding  metal  that  assayed  Au,  0.147 ;  Ag,  40.183;  and 
Cu,  42.4  per  cent. 

[34] 
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Construction'  Costs. 

The  building  of  the  cyanide-plant,  the  No.  2  mill,  and  the 
remodeling  of  No.  1  mill,  were  done  under  somewhat  adverse 
conditions,  ovsdng  to  the  revolution  in  Mexico  at  the  time,  and 
consequent  unsatisfactory  labor-conditions,  but  the  work  was 
completed  in  14  months  from  the  time  that  the  preliminary 
plans  and  estimates  were  approved  by  the  directors  of  the 
company. 

The  following  unit-cost  figures  on  the  construction-work 
may  be  of  interest  as  an  example  for  a  property  situated  in 
Northern  Mexico  off  the  railroad : 

ExcavatioB,  medium-hard  gromid  with  boulders,  16,103  cu.  yd.  done  at  an  av- 
erage cost  of  $0.64  per  cu.  yd. 

Cement  masonry,  with  stone  partly  dressed,  1,860  cu.  yd.  done  at  an  average 
cost  of  $7.40  per  cu.  yd. 

Cement  concrete,  10  per  cent,  of  which  was  reinforced,  972  cu.  yd.  done  at  an 
average  cost  of  $12.28  per  cu.  yd. 

Carpentry  work,  buildings,  launders  and  miscellaneous,  320.3  M.  board  feet  of 
lumber,  put  in  at  an  average  cost  (including  cost  of  the  lumber)  of  $84.24  per  M. 

Steel  tanks,  assembling,  riveting  and  calking,  247  tons  of  steel  were  put  up  at 
an  average  cost  of  $26.38  per  ton. 

The  total  cost  of  the  cyanide-plant  was  $221,207.79,  of  which  $11,203.39  was 
spent  on  testing  and  preliminary  investigations. 

The  total  cost  of  the  No.  2  mill  was  $50,103.87,  made  up  as  foUows  : 

Supervision,         .        .        .  $1,479.19 

Electrical  work,  573.23 

Painting,     .        .         .  230.89 

Miscellaneous,     .        .        .  245.86 

First-cost,  freight,  and  duty,  16,990.97 

$50,103.87 

Operating- Costs. 
Tablb  VII. —  Unit^  Costs  of  Cyanide-Plant  Supplies  at  El  Tigre. 

Mine  quartz  for  tube-mills,  per  lb., $0.00379 

French  flint  pebbles,  size  A,  per  lb., 0.02138 

Danish  flint  pebbles,  sizes  C  and  D,  per  lb 0.02397 

Zino-dust,  92  per  cent  metallic  zinc,  per  lb.,  .  .  0.075 

Sodium  cyanide,  130  percent.  KCN,  per  lb.,  0.2247 

BamedUme,  38to40percent.  CaO,  per  lb.,  .         .  0.0155 

Borax  glass,  per  lb., 0.1375 

Sodium  bicarbonate,  per  lb., 0.07 

Fluorspar,  per  lb., 0.0745 

Sodium  nitrate,  per  lb., 0.085 

Graphite  crucibles,  No.  125,  each, 9.54 

6a»-oil  for  melting-furnace,  per  gal., 0.375 

Gasolene,  per  gal., 0.4385 

Hydrochloric  acid,  commercial,  per  lb. ,  ....  0.119 


xne  \ovas  coBt  oi  wie  i.io 
Excavation, 

4t  uuxA  waa  i 

$2,517.68 

Foundations, 

9,812.32 

Carpentry, 

14,723.24 

liocal  handling, 

761.32 

Machine-work, 

2,710.04 

Testing,     .        .        . 

59.13 

Lead  acetate,  per  lb., 0^ 
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Table  VIII. — Consumption  of  Cyanide-Plant  Supplies. 

Sodium  cyanide,    ....      5.08  lb.  per  ton  of  tailings  treated. 
Lime,  52  per  cent.  CaO,        .        .     23.0    lb.  per  ton  of  tailinga  treated. 

Zinc-dust, 1.3    lb.  per  ton  of  tailings  treated. 

Eatio  Zn  to  An  plus  Ag  as  1.52  to  1. 
Gas-oil  for  melting,  .         .     0.025  gaL  per  oz.  of  bullion  produced. 

Flint  pebbles,  .  .        .8.7  1b.  per  ton  of  tailings  treated. 

Table  IX. — Milling-Costs  Per  Ton  of  Ore  Milled. 


November,  1911. 


I  No.  1  Mill. 

Crushing |  $0,496 

Begrinding. 0.269 

Concentrating '        0.961 

Construction I        0.169 


$1,895 


No.  2  MIU. 

$0,413 

0.021 

0.239 


$0,673 


October,  1911. 


No.  1  MiU. 

$0,566 
0.291 
1.225 
0.189 


$2,271 


No.  2  Mill. 
$0,405 

0.029 

0.521 


$0,955 


The  cost  of  cyanide-treatment  at  El  Tigre  is  very  high,  owing 
chiefly  to  the  large  consumption  of  cyanide.  The  following 
are  representative  average  costs  for  the  various  steps  in  the 
process : 

Conveying  and  screening  tailings, $0.11 

Tube-milling,  .        .  .        .        .0.65 

Classification,  elevation,  and  dewatering,        ....  0.22 

Treatment, 1.50 

Filtration, 0.30 

Precipitation, 0.14 

Melting, 0.19 

Total,  .        .     $3.11  per  ton. 

Recovery. 

From  62  to  64  per  cent,  of  the  gold  and  silver  in  the  mine 
ore  is  recovered  in  the  form  of  concentrates  and  sorted  grade. 
The  recovery  by  cyanide-treatment  of  the  concentrator-tailings 
is  about  82  per  cent.,  and  of  the  dump-tailings  about  85  per 
cent.  The  total  recovery  by  sorting,  milling,  and  cyaniding  is 
from  98  to  95  per  cent.  Owing  to  the  short  time  that  the 
plant  has  been  in  operation,  reliable  average  figures  for  recov- 
ery in  the  cyanide-plant  are  hard  to  obtain,  for  the  only  figures 
that  are  worth  considering  are  those  which  are  based  on  pro- 
duction  of  bullion  during  periods  of  at  least  six  months. 
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Power. 

The  power  for  El  Tigre  is  now  generated  at  the  power-plant 
of  the  Copper  Queen  Mining  Co.,  in  Douglas,  Ariz.,  by  two 
exhaust-steam  turbo-generators.  At  the  step-up  transformer 
station  in  Douglas  there  are  four  400-K.  V,  A.  General  Elec- 
tric Co.'s  transformers,  any  one  of  which  may  be  held  in  re- 
serve. The  transmission-line,  65  miles  long,  is  designed  for 
700  kw.,  capacity  44,000  volts.  The  wires  are  No.  4  medium 
hard-drawn  copper,  and  are  spaced  6  ft.  center  to  center  in  an 
equilateral  triangle.  The  poles  are  of  wood  with  treated  butts, 
spaced  for  an  average  span  of  200  ft.  Each  pole  carries  a 
small  cross-arm  below  the  transmission-wires  for  two  No.  10 
medium  hard-drawn  copper  telephone  wires.  The  longest 
span  on  the  line  is  1,650  feet. 

At  the  step-down  station  four  320  K.  V.  A.  transformers 
lower  the  tension  to  440  volts  for  operating  the  various  motors 
in  the  plant.  The  transmission-line  and  transformers  were 
erected  under  the  supervision  of  Sanderson  k  Porter,  of  New 
York.  The  efficiency  of  the  transmission  is  at  present  about 
91  per  cent.,  owing  to  the  amount  of  power  that  is  used  being 
considerably  less  than  the  full  capacity  of  the  line  and  trans- 
formers. The  average  cost  of  power  is  now  only  about  one- 
third  of  the  former  cost  when  gas-  and  steam-engines  at  the 
mine  were  used. 

Interruptions  to  the  transmission  from  lightning  occasionally 
happen  in  the  summer  season  during  the  rains,  but  seldom  ex- 
ceed 1  hr.  in  duration. 
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Table  X. — The  ligre  Mining  Co.  S.  A.^  Yzabal,  Sonora,  Mexico. 

Electbig-Poweb  Tests  in  Mill  and  Cyanide-Plant,  Auoitbt  and 
Septebcbeb,  1911. 


Electric  Horee-Power  at  Motor  by  Wattmeter. 


^«iJfc«r-Piton<.— Capacity  28  tons  per  hour 
(35-h-p.  AUis-Chalmers  moior,  850  r.p.m.). 
1  Style  E,  No.  4,  Allis-CbalmerB  breaker  set  to 
1.5  In. ;  1  horizontal  82-in.  sorting-belt  28  ft. 
C.C. ;  1  24-  by  27-in.  revolving-drum  ore- 
fleeder;  1  shaking-grizzly  SO  bv  78  in. ;  70 
per  cent,  of  ore  dropping  through  the 
grizzly  as  fines 

No.  1  Cbnc0n/rcUin^lfiZ{.~Capacity  100  tons 
per  day  (150-b-p.  Allis^^balmers  8llp>ring 
type  motor,  l.ldO  r.p.m.,  14  line-shafts  in 
mill,  power-transmission  fh>m  motor). 

Full  load  except  Austin  gyratory  crusher,  5 
vanners,  and  two  Wilflev  tables 

4  4-  by  5-ft.  trommels,  1  pair  16-  bv  S6-ln.  Cole- 
pattern  roughlng-roUs.  1  double-compart- 
ment bull-jig,  1  bucket-elevator  89  ft.  cc,  18- 
in.  belt,  l&-in.  buckets 

1  pair  16-  by  86-in.  Cole-pattern  roughing-roUs. 

4  double-compartment  Jigs  23.5-  by  S5.75-in.also 
1  three-compartment  jig,  170  %-iTi.  strokes 
per  minute 

1  pair  16-  by  32-In.  fine  rolls 

1  bucket-elevator  42  ft.  cc,  18-ln.  belt,  15-in. 

buckets,  speed  860  ft.  per  minute 

2  4-  by  5-ft.  trommels  V^-in.  round  holes 

2  4-  by  5-fl.  trommels  1.5  mm.  round  holes 

1  5-ft.  Huntington  mill 

1  bucket^levator  85  ft.  cc,  12-in.  belt,  d-in. 

buckets,  speed  360  ft.  per  minute. 


1  9-  by  10  in.  Aldrich  triplex  return-water  pump, 
47  r.p.m^ 


10  No.  5  Wilflev  tables  and  1  shaking-launder 

1  10-by  54-in.  Frenier  sand-pump 

Machine-shop  line-shafting  with  shaper   and 

pipe-machine  working 

11 6-ft.  Frue  vanners  and  2  shaking-launders 

Line-shafting  drivlngWilfley  tables  and  vanners. 
Jack-shaft  driving  Huntington  mills  with  coar&e 

and  line  rolls  running  empty 

Jack-shaft  driving  Huntington  mills  empty 

Line-shafting  for  crusher,  jigs,  elevators,  and 

trommels,  running  empty 

Total  line-shafting  of  mill  running  empty 

Ore-Sampling  PfojU.— Capacity  28  tons  per 
hour,  1  10-h-p.  Allis-Chalmers  motor  850 
r.p.m. 

1  revolving-cone  sampler  and  ore-distributor,  1 
Dodge  sample-crusher  7  by  10  in.,  1  Snyder 
sampler  27  in.,  1  Sturtevant  2-  by  6-ln.  roll-jaw 
sample-crusher,  1  80-  by  7S-in.  shaking 
grizzly,  %-m.  spacing 

Same  running  with  load  on  inclined  14-in.  con- 
veying-belt  assisting  the  motor 


No.  2  MiU.—{l  75-h-p.  Allis-Chalmers  slip- 
ring  induction-motor  drivine  stamps  and 
1 50-h-p.  synchronous  motor  driving  tables, 
pump,  and  grinding-pan),capacitylOO  tons. 

20 1,200-lb.  stamps  102  7-in.-drop6  per  minute 

Line-shafting  and  12-in.  conveying-belt  with 

tripper , 

Full  load  on  motor 

Full  load  on  synchronous  motor  with  pump, 

tables,  grinding-pan,  and  exciter 

1  9-  by  10-in.  Aldrich  return- water  pump. 


1  5-ft.'grinding-pan  for  middlings  from  Wllfleys, 
5  Wilfley  No.  6  tables,  4  Deister  slime-tables. 


4  line-shafts,  and  exciter  motor.. 
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Tablb  X. — Continued. 
Elsctbic-Poweb  Tbstb  IK  MixL  Ain>  Cyakide-Plant. 


Electric  Hone-Power  at  Motor  by  Wattmeter. 


StortlDg. 


Normally 
Loaded. 


Cyamde-FtanL—CtLpaclty  250  tons  per  day.      | 

A.  TailiDga  Conveying-  and  Screening-Plant  for  i 

Dumps-Tailings.    Capacity  75  tons  per  day 
1 450-ft.  10-in.  flexible  tailings-conveyor,  1 8-  by  5-.  I 
ft.  6-in.  dialntegrating-trommel,  1  spiral  con- 1 
Teyor,  1  bncket-elevator  25  ft.  5  in.  c.c.»  8-in.  ' 
belt.  6-ln.  buckets,  1 22-ln.  by  5-ft.  6-in.  mix- 1 

Ing-trommel,  with  ftdl  load 10.7 

Shafting  of  above  without  load  driven  by  I 

10-h-p.  Allis-Cbalmers  motor 

Conveying-belt  only , 

No.  2  flexible  tailinffs-conveyor  driven  direct  by  i 
5-h-p.  Allis-Chalmers  motor 

B.  Tube-Mill  Section  (5  60-h-p.  Westinghouse 

sUp-ring  motors  direct  connected  to  tube- ! 
mills,  1 35-h-p.  Allis-Cbalmers  motor  driving  ' 
elevators,  classiflers,  and  dewaterers). 

5  5-  by  14-ft  wet-grinding  tube-mills,  each 

5  42-in.  dng-classiflers,  3  Dorr  thickeners,  2 
bucket-elevators  19  ft  cc,  18-in.  belt.  15-in. 
buckets,  speed  400  ft.  per  mln.,  2  bucket- 
elevators  same  as  previous  but  40  ft.  c.c,  4 
hne-ehafts - 16 

4  elevators  pla<t  line-shaft  fHction 

5  classifiers  with  3  Dorr  thickeners  and  three  l 
line^hafts ■ 

C.  Upper  Pump-House  (1  25-h-p.  Allis-Chalmers 

motor  and  1  line-shaft). 
1  6- by7-in.  return-solution  Aldrich  triplex  pump  | 
and  1  7-  by  9-in.  Aldrich  triplex  return-water 

Sump  plus  line-shaft  friction > 
[otor  and  shafting 3.2 

D.  Treatment  Section. 

1  Sullivan  WI  16-  by  14-ln.  duplex  belt-driven  > 
air-compressor,  driven  by  100-h-p.  Allis- 1 
Chalmers  motor,  compressor  making  166  | 


10.0 


117 


r.p.m.  at  30  lb.  pressure.. 
0-by  : ^ 


.  12-ft.  mechanically-agitated  slime-stor- 
age-tank and  two  Tigre  sllme-thickening 

tanks  with  two  line-shafts , 

80-  by  12-ft.  agitation-tank  only  with  one  i 

line-shaft. 

2  24-  by  12-ft.  Tigre  thickeners  and  two  line-  - 

shafts ' 

Line-«haiting  only .. 

E.  Filter-Plane  and  Precipitation-Pumps.  I 

1  claas  "  N£-l "  IngersoU-Rand  straight-line  belt- ' 

driven  air-compressor,  si^e  8  by  8  in.,  210 
r.p.m.  at  60  lb.  average  pressure,  ftimishing  , 
96  en.  ft.  free  air  per  mln.  to  Kelly  filter-  , 
plant,  driven  by  line-shaft  ftom  50-h-p.  Allis-  i 
Chalmers  motor 

2  6-  by  7-ln.  Aldrich  t^plex  precipitation-pumps.  .. 
Spiral  Ribbon  conveyor  for  discharge  of  residues 

from  Kelly  Alters,  not  in  continuous  use | 

1  20-b7lO-ft.  mechanically-agitated  excess  slime- 1 
storage  tank  for  filling  Kelly  filters,  with  ! 
one  small  pvramid  return-water  pump  for 
ooonterweight-tanks 

F.  Pumps,  etc.,  in  occasional  use  only.  ; 

1  2-in.  centrifugal  return-water  pump 

1  L5-in.  centrlftigal  sand-pump  for  elevating 

thickened  slime  from  redwood  tanks 

MiaoeUaneoua  Power.  i 

1  3>h-p.  motor  for  assay-office !.. 

1  3-h-p.  motor  driving  ice-plant,  capacity  1000 

lb.  of  ice  per  day 

1  15-h-p.  back-«eared  Westinghouse  motor  for 

incline  hoist,  capacity  8  ton^  at  200  ft.  per 

minute 

1  10-h-p.  .A.llis-Chalmers  motor  for   carpenter- 

shop - ' 

1  14-  by  9-  by  16-in.  WH  2  Sullivan  belt<lriven 

air-compressor  at  80  lb.  pressure  making  140  ; 

r.p.m ' 

at  85  lb.  presnnre  making  140  r.p.m ! 

at  90  lb.  pressure  making  140  r.p.m ! 

at  95  lb.  pressure  making  139  r.p.m 

line-shaift  with  clutch  to  mine  air-com-  I 
pressor  thrown  out 


18.7 


107.2 


34 


16 
43 


20 


10.' 


37 


5.0 


1.6 


43.5 


10.7 
9.6 


1.1 


90 


6.9 
5.9 


1.0 


15.5 
11.2 


2.7 
20.7 


3.5 


18 
6.7 


66.5 
67.5 
69.8 
71.8 


P.  F. 


Per  Cent. 


75 
76 


75 


76 


75 


7.5 


10.7 
0.3 


1.6 


75 


75 
85 


85 


3.3 
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Table  X. — Continued. 
Analysis  of  Poweb-Consumption  Ddbing  August,  1911. 


Sorting  and  Ore-Conveying,  indudinf?  lights.. 
No.  1  MiU.—Staffe-Crushing 

CriishinR,  including  liffhts 

Regrindlng,  Including  lights 

Concentrating,  Including  lights 

No.  2  Mill.— Gravity  Stamps  for  Crushing 

Cruahinff,  including  lights.. 


Regrindlng,  including  lights.. 
udiE 


Concentrating,  including  lights 

Cyanide-Plant 

Conveying  and  screening  tailings 

Tube-miUing,  including  lights 

Classification,  elevation,  and  dewatering.. 

Treatment,  including  lights 

Filtration,  includine  lights.. 


PrecipiUtion,  including  lights 

Melting,  lights,  and  electnc  drying-oven.. 


Total 
Monthly 
El.  HP. 
Hours. 


1.283.4 


,360.0 
,431.0 
,487.9 


,667.2 
,431.0 

,147.7 


,418.0 
743.6 
,512.6 
108.6 
912.0 
,861.0 
,576.0 


Average 
Power 
when 

Running. 


El.  HP. 
3.45 


66.50 

8.50 

90.10 


62.20 

8.60 

20.40 


7.60 
19H.30 
52.10 
98.70 
25.20 
18.70 

6.00 


Total 
Average 
Power. 


El.  HP. 
3.45 
167.10 


86.20 


401.60 


THE  TIGRE  MINING  CO.,  8.A. 

CYANIDE  PLANT  GRAPHIC  TREATMENT  RECORD 
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Fig.  10. — Record  op  Cyanide-Treatment. 
(.Size  of  original  form,  8.5  by  10.5  in.). 

The  test  report  and  the  diagram,  Fig.  10,  are  copied  from 
the  forms  used  during  the  starting  of  the  plant.  The  standards 
given  on  the  test  report  were  predetermined  figures  based  on 
the  results  of  experimental  work,  and  calculations  used  in 
making  up  the  flow-sheet  for  the  cyanide-treatment. 
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Alaska  Coal-Land  Problems. 

BY  H.   FOSTER  BAIN,   SAN  FRANCISCO,   CAL. 

(San  Francisco  Meeting,  October,  1911.) 

[Secretary's  Note. — This  paper,  presented  in  oral  abstract  at  the  San  Fran- 
cisco meeting,  was  not  at  first  supposed  by  Mr.  Bain  to  be  reqaired  for  publication 
in  the  Tranaactions;  and  the  excursion  to  Japan,  in  which  he  took  part,  imme- 
diate! j  after  the  San  Francisco  meeting,  delayed  his  presentation  of  the  manuscript. 
After  his  return  to  San  Francisoo,  Mr.  Bain,  in  view  of  the  importance  of  his  paper 
and  its  discussion,  kindly  furnished  it  in  full.  The  delay  in  its  publication  (since 
it  was  received  in  April  last)  has  been  due,  partly  to  the  circumstance  that  other 
contributions  had  meanwhile  acquired  the  ''right  of  way,''  and  partly  to  the  con- 
sideration that,  the  situation  contemplated  in  Mr.  Bain^s  paper  having  remained 
practically  unchanged,  the  paper  and  its  discussion  would  not  lose  force  or  time- 
liness by  this  lapse  of  time. — J.  S.] 

No  acute  observer  of  public  attairs  can  have  failed  to  observe 
a  growing  disposition  on  the  part  of  the  public  to  change 
emphasis  in  government  from  political  equality  to  social  jus- 
tice. When  our  own  government  was  founded  it  was  felt  to 
be  sufficient  to  secure  to  each  individual  the  fullest  possible 
freedom  of  opportunity,  and  such  a  scheme  was  excellently 
adapted  to  the  rapid  development  of  a  large  territory  having  a 
small  population.  As  the  number  of  people  in  a  given  area 
increases,  there  are  more  points  of  contact  and  conflict ;  each 
must  move  in  a  smaller  orbit,  and  there  must  be  more  regula- 
tion. Germany  is  making  faster  progress  in  industry  than  is 
any  other  country.  The  principal  reason  is  the  insistence  there 
on  team-play.  In  Germany  there  are  fewer  multimillionaires 
and  more  socialists  (spelled  with  either  a  big  or  little  "  S  ")  than 
in  any  other  of  the  leading  countries;  but  Germany  wins  trade 
and  is  steadily  improving  the  conditions  of  life  for  her  citizens. 
To  some,  the  change  from  the  freest  individualism  is  welcome ; 
to  others  it  is  intensely  unacceptable.  To  this  fundamental 
diflference  in  view-point  may  be  imputed  much  of  the  vigor  with 
which  the  controversy  regarding  coal-lands  has  been  waged. 
That  present  conditions  in  Alaskan  coal-fields  are  extremely 
unsatisfiEkctory  is  generally  recognized,  but  there  are  wide  dif- 
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ferences  of  opinion  as  to  the  proper  remedies.  Large  areas  of 
excellent  coal  within  a  few  miles  of  tidewater  remain  unopened, 
while  railroads  and  other  enterprises  import  coal  at  a  cost  of 
from  $7  to  $9  per  ton  on  the  dock.  In  building  and  operating 
the  Copper  River  &  Northwestern  railroad  to  June  30,  1911, 
British  Columbia  coal  to  a  total  value  of  $509,943,  and  Wash- 
ington coal  to  the  value  of  $49,438,  was  imported.  The  rail- 
road and  the  leading  coast  industries  have  now  been  converted 
to  burn  oil  imported  from  California.  In  the  interior,  the  price 
of  coal  is  practically  prohibitory,  and  development  of  any  in- 
dustry requiring  handling  of  large  tonnages  is  impossible  except 
at  the  seacoast.  Industry  in  Alaska  always  will  be  at  a  disad- 
vantage, owing  to  the  diflBlculties  and  expense  of  navigation 
along  its  coasts,  and  of  transportation  into  the  interior.  This, 
however,  is  all  the  more  reason  why  full  advantage  should  be 
taken  of  any  favorable  local  feature,  such  as  abundant  and 
excellent  coal. 

In  examining  the  matter  of  the  opening  of  the  Alaska  coal- 
fields, two  distinct  questions  must  be  considered.  The  first, 
and  more  pressing,  is  how  to  get  coal  on  the  market  quickly 
in  quantities  sufficient  to  satisfy  immediate  demands.  The 
second  is,  what  disposition  shall  ultimately  be  made  of  the  coal- 
lands,  and  under  what  conditions  coal  shall  be  mined  in  the 
future.  Both  questions  involve  railway  problems  and  are  com- 
plicated by  existing  rights  of  coal-land  locators.  It  is  not  likely 
that  any  satisfactory  solution  of  the  second  problem  will  be 
found  immediately.  The  ramifications  of  the  matter  reach  such 
varied  interests,  and  so  many  things  must  be  taken  into  account, 
that  a  quick  determination  might  well  prove  a  wrong  determi- 
nation. The  first  problem,  however,  that  of  promptly  furnish- 
ing Alaskan  coal  in  such  quantity  as  is  really  needed,  seems 
capable  of  speedy  and  safe  solution. 

It  has  been  estimated  by  A.  H.  Brooks  that  there  is  a  pres- 
ent potential  market  for  1,000,000  tons  of  Alaska  coal  per  year. 
Whether  or  not  these  figures  be  correct,  it  is  undoubtedly  true 
that  there  is  an  important  market  awaiting  the  opening  of  the 
mines.  At  present  all  the  high-grade  coal  used  on  the  Pacific 
coast  comes  from  the  East  or  is  imported.  The  navy,  for 
strategical  reasons,  uses  only  the  best  grade  of  Pocahontas  coal; 
and  when  the  fleet  goes  to  sea  it  is  followed  or  preceded  by  a 
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long  string  of  colliers  carrying  Eastern  coal.  At  all  times  there 
is  a  procession  of  boats  traveling  around  South  America  in 
order  that  the  battle-ships  and  cruisers  shall  have  smokeless 
coal.  Necessarily,  much  coal  is  burned  in  bringing  this  fuel  to 
the  ships,  and,  necessarily,  also,  the  cost  of  the  coal  delivered 
is  greatly  above  that  at  Eastern  tidewater  ports,  where  it  has 
already  been  raised  by  the  several  hundred  miles  of  railway- 
haul  from  the  mines.  In  case  of  war,  the  supplying  of  ships 
in  the  Pacific  with  Eastern  fuel  would  be  extremely  difficult 
and  expensive.  Even  now  the  navy  is  dependent  upon  foreign 
tramp  steamers.  So  far  it  has  not  seemed  wise  to  convert  the 
whole  fleet  into  oil-burning  vessels,  because  of  the  difficulty  of 
buying  oil  in  foreign  ports.  In  the  opinion  of  experts,  the 
Bering  River  and  the  Matanuska  coal-fields  of  Alaska  can  fur- 
nish a  grade  of  coal  excellently  adapted  to  naval  use,  and  the 
opening  of  mines  there  is  important  in  order  to  affi)rd  an  ade- 
quate and  at  all  times  accessible  source  of  supply.  The  navy 
uses  ordinarily  about  150,000  tons  of  coal  per  year  on  the  Pa- 
cific coast  Possibly  the  other  departments  of  the  govern- 
ment use  as  much  more.  In  addition,  there  is  a  local  market 
in  Alaska,  now  supplied  from  British  Columbia  and  Washing- 
ton at  considerable  expense.  Beyond  is  a  strongly  competitive 
miarket,  in  which  the  dominating  features  are  the  abundance, 
low  price,  and  high  heating-value  of  California  crude  oil.  In 
the  three  Pacific  States  together,  in  1910,  imports  and  local 
production  of  coal  amounted  to  4,600,000  tons.  E.  W.  Parker 
has  estimated  that  in  the  same  year  fuel-oil  displaced  12,000,- 
000  tons  of  coal  in  these  States.  To  what  extent  Alaska  coal 
can  enter  this  competitive  market  is  uncertain,  but  the  non- 
competitive market  is  not  unimportant.  In  it,  owing  to  naval 
requirements,  the  government  is  the  largest  factor.  The  ob- 
vious thing  to  do  would  seem  to  be  for  the  government  to 
open  its  own  mine  and  supply  its  own  coal,  at  the  same  time 
meeting  the  local  demands  of  the  non-competitive  market  by 
selling  the  surplus  coal  at  a  small  advance  on  the  cost  of  pro- 
duction, as  has  been  suggested  by  Walter  L.  Fisher,  Secretary 
of  the  Interior.  The  opening  of  a  mine  by  the  government  in 
no  way  prejudices  any  future  settlement  of  the  larger  problem 
of  final  disposition  of  the  lands.  It  will,  however,  remove  any 
fancied  necessity  for  a  hurried  decision  of  the  main  matter,  will 
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relieve  the  local  fuel-situation,  will  lead  to  just  as  much  develop- 
ment, and  the  employment  of  just  as  many  men,  as  if  some 
private  syndicate  undertook  the  work,  and  will  permit  the 
government  finally  to  act  on  the  larger  questions  involved  with 
exact  knowledge  based  upon  actual  experience  under  the  con- 
ditions to  be  met.  It  has  long  been  customary  for  large  coal- 
users  to  maintain  a  coal-mine,  or  to  have  an  interest  in  a  coal 
mining  company,  so  as  to  have  full  information  regarding  costs 
when  making  their  yearly  contracts.  For  years  the  Chicago, 
Milwaukee  &  St.  Paul  railroad  ran  a  small  coal-mine  on  this 
basis,  and  the  information  it  obtained  was  worth  many  times 
the  risk  of  loss.  Why  should  not  the  government  safeguard 
the  people's  interest  as  carefully  as  a  board  of  directors  for  a 
company  looks  after  those  of  the  stockholders  ? 

Various  suggestions  have  already  been  made  as  to  how  the 
government  should  proceed  in  case  it  be  decided  to  open  a 
government  mine  in  Alaska.  An  independent  commission  has 
been  proposed,  but  this  is,  I  think,  unnecessary  and  likely  to 
prove  expensive.  It  has  also  been  suggested  that  the  army  be 
placed  in  charge,  and  the  merit  of  this  lies  in  the  fact  that  the 
people  have  entire  confidence  in  the  non-political  character  of 
the  army  and  the  honesty  of  its  officers.  The  excellent  work, 
in  particular,  done  at  Panama,  has  greatly  raised  the  popu- 
lar respect  for  the  Engineer  Corps  of  the  army.  It  is  also  true 
that  to  meet  a  similar  scarcity  of  coal  in  the  Philippines,  the 
army  opened  a  colliery  there  and  conducted  it  not  only  ably, 
but  in  such  a  manner  as  to  demonstrate  the  value  of  the  coal 
and  of  the  field,  and  this  led  ultimately  to  the  opening  of 
private  mines.  The  army,  however,  has  other  work  than 
mining  coal,  and  no  good  purpose  is  served  by  diverting  its 
officers  from  their  own  sphere.  Aside  from  that,  the  govern- 
ment has  in  the  Bureau  of  Mines  a  corps  of  men  especially 
well  qualified  to  handle  this  particular  matter.  In  this  bureau 
are  all  the  experienced  men  necessary  to  man  a  colliery,  from 
pit-boss  to  general  manager.  Attracted  by  the  opportunity  for 
travel  and  study,  an  unusually  capable  and  well-trained  lot  of 
engineers  has  joined  the  service.  A  better  manager  for  the 
proposed  enterprise  probably  could  not  be  found  than  the  chief 
mining  engineer  for  the  Bureau,  who  has  seen  entensive  service 
in  the  coal-fields  of  Colorado,  Iowa,  and  Illinois,  and  has  served 
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as  engineer,  superintendent,  general  superintendent,  and  con- 
sulting engineer  for  a  number  of  large  companies.  He  has 
opened,  equipped,  and  run  a  number  of  collieries  as  large  or 
larger  than  any  needed  in  Alaska,  and  is  thoroughly  familiar 
witii  coal-mining,  not  only  in  every  part  of  the  United  States, 
but  in  England,  Germany,  and  France.  There  are  other  men 
in  the  Bureau  who  have  had  valuable  if  not  as  extensive  experi- 
ence, and  they  are  all  men  of  high  character,  of  just  the  sort 
to  place  in  charge  of  a  difficult  enterprise.  Put  the  matter  in 
their  hands  with  sufficient  capital  and  adequate  authority,  and 
the  mine  will  be  well  and  honestly  run.  Incidentally,  it  will 
famish  the  Bureau  an  excellent  opportunity  to  test  each  new 
discovery  made  in  its  laboratories,  and  to  try  out,  on  a  working 
scale  under  commercial  conditions,  its  various  recommenda- 
tions for  increasing  safety  and  decreasing  waste  in  mining.  To 
the  objection  that  will  promptly  be  made — ^the  high  cost  of 
government  work — it  may  be  urged  that  the  facts  by  no  means 
point  conclusively  to  a  necessarily  higher  cost.  The  Reclama- 
tion Service  has  repeatedly  built  on  force-account  at  prices 
below  bids  from  contractors,  and  the  great  Los  Angeles  aque- 
duct is  being  built  by  the  City  Engineers,  and  well  built,  at  a 
eo8t  quite  as  low  as  any  firm  or  corporation  has  ever  attained 
on  similar  work.  On  one  division  the  work  was  done  for  ap- 
proximately $2,000,000  less  than  the  lowest  bid.  Incidentally 
the  Reclamation  Service  itself  has  opened  and  run  a  govern- 
ment coal-mine,  and  done  it  well.  Under  these  conditions  it 
is  hardly  worth  while  to  answer  the  old  statement  that  <^  the 
government  can't  run  a  mine.''  It  can  and  does.  Get  good 
men  and  give  them  reasonable  support,  and  they  will  build  as 
cheaply  for  the  government  as  for  a  corporation.  The  com- 
mon notion  to  the  contrary,  is  based  on  the  excessive  cost  of 
jobs  let  to  favored  political  contractors. 

In  opening  a  government  coal-mine  in  Alaska,  it  is  important 
that  conditions  be  made  as  nearly  as  possible  identical  with 
those  under  which  a  private  company  would  have  to  work ; 
otherwise  one  of  the  large  purposes  of  the  enterprise,  the  ob- 
taining of  exact  information  regarding  mining-costs  and  other 
conditions,  will  be  defeated.  A  definite  amount  of  land  should 
be  reserved  by  the  Secretary  of  the  Interior,  and  allotted  to  the 
project     Since  2,660  acres  is  the  amount  permitted  one  com- 
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pany  under  the  law  of  1908,  the  same  acreage  might  well  be 
set  aside  for  the  government  mine.  If  it  is  too  small  for  the 
government,  it  is  likewise  too  small  for  a  private  company,  and 
if  large  enough  for  one  it  is  sufficiently  large  for  the  other.  A 
definite  amount  of  capital  should  be  allotted  to  the  project,  and 
the  coal  furnished  to  the  navy  and  other  departments  should 
be  credited  to  the  enterprise  at  the  same  rate  as  when  sold  to 
individuals.  In  figuring  costs  depreciation  should  be  fully 
taken  into  account,  since  the  plant  will  need  to  be  renewed 
from  time  to  time.  A  sinking-fund  should  also  be  accumulated, 
and  in  every  particular  the  enterprise  should  be  run  on  a  busi- 
ness basis. 

Since  the  coal  is  valueless  unless  brought  to  the  coast,  trans- 
portation-problems must  enter  largely  into  any  solution  of  the 
coal-problem.  This  is  true  whether  the  government  or  some 
company  mines  the  coal.  To  reach  the  Matanuska  field,  which 
is  favored  by  Mr.  Fisher,  it  will  be  necessary  to  take  over  and 
extend  the  Alaska  Central  railroad.  As  this  is  in  the  hands 
of  a  receiver,  its  owners  would  probably  welcome  the  oppor- 
tunity to  sell  to  the  government.  The  most  difficult  part  of 
the  road  is  already  built,  though  much  money  would  be  needed 
to  put  it  into  good  condition.  Owing  to  grades  and  curves 
between  Seward  and  Knik,  the  line  would  not  be  easily  or 
economically  operated ;  and  large  tonnages  over  this  division 
would  be  expensive  to  handle.  It  is  proposed  to  establish  a 
summer  harbor  at  Knik,  and  to  ship  the  bulk  of  coal  from 
this  point,  to  which  railway-transportation  is  easy.  The  line  to 
Seward  could  handle  quick  freight  and  afford  an  emergency- 
route  for  coal.  Mr.  Fisher  has  recently  suggested  that  the 
men  and  equipment  soon  to  be  out  of  commission  at  Panama 
be  transferred  to  Alaska,  and  employed  in  building  the  proposed 
trunk-line  from  Seward  to  Fairbanks.  There  is  much  to  com- 
mend this  suggestion,  since,  under  the  plan  proposed,  a  tried 
and  effective  force  would  be  made  available  for  the  work. 

As  to  the  need  of  a  trunk-line  to  the  interior  of  Alaska 
there  can  be  no  question,  if  the  country  is  ever  to  be  developed. 
The  practical  question  is  wholly  as  to  means  and  method.  Into 
the  Bering  River  coal-field,  the  one  most  easily  accessible,  a 
number  of  surveys  have  been  made.  There  are,  however,  only 
two  routes  that  need  to  be  considered.     The  first  is  a  direct 
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line  approximately  25  miles  long  to  Controller  bay  or  Katalla. 
This  requires  the  making  of  a  harbor,  and  any  estimate  of 
expense  of  shipment  by  this  route  must  take  this  into  account. 
Eventually  one  or  more  such  lines  is  likely  to  be  built,  but  for 
the  present  the  cheapest  route  would  seem  to  be  the  longer 
one  to  Cordova.  This  requires  a  road  from  the  mines  almost 
to  Katalla,  then  north  to  a  junction  with  the  Copper  River  & 
Northwestern  railroad.  The  distance  is  longer,  58  miles,  but 
of  the  total,  33  miles  form  part  of  the  main  line  of  the  road 
already  built,  and  the  cost  of  an  extra  harbor  is  avoided.  This 
is  the  more  feasible  route  for  the  present.  It  would  have  the 
advantage  of  permitting  through  shipment  to  the  copper-mines 
of  the  interior,  while  the  other  would  require  transfer  to  boats 
at  Katalla  and  retransfer  to  cars  at  Cordova.  A  considerable 
part  of  the  local  benefit  to  be  derived  from  opening  the  mines 
would  be  lost  if  connection  were  not  made  with  the  Copper 
River  4  Northwestern.  The  tonnage  that  would  be  furnished 
by  the  government's  own  coal-requirements  would  probably  be 
sufficiently  attractive  to  cause  one  or  the  other  of  these  roads 
to  be  built  by  private  capital  in  case  the  decision  favors  the 
Bering  River  field.  Wherever  the  work  be  started,  the  Secre- 
tary of  the  Interior  or  the  Director  of  the  Bureau  of  Mines 
should  be  authorized  to  negotiate  for  transportation  to  the  sea 
on  a  basis  of  an  agreed  annual  tonnage  determined  by  naval 
requirements,  and  fixed  rates  reviewed  by  the  Interstate  Com- 
merce Commission.  If,  on  these  terms,  private  capital  be  not 
forthcoming  for  a  railway  line,  the  latter  should  be  built  by 
the  government  and  operated  directly  or  through  lease,  as 
might  be  determined  at  the  time.  The  cost  of  the  road  to  the 
coal-fields  would  be  less  than  that  of  colliers  to  bring  coal  to 
the  navy  from  the  East,  and  the  cost  of  operating  the  whole 
mining  enterprise,  granted  that  the  worst  estimates  of  the  ex- 
cess-cost of  government  work  prove  true,  would  be  less  than 
the  excess-price  now  paid  on  the  Pacific  coast  for  Eastern  coal. 
It  is  taken  for  granted  that  arrangements  would  be  made  for 
the  navy  and  other  government  departments  to  use  the  govern- 
ment coal  on  the  Pacific  coast.  It  would  probably  be  necessary 
to  establish  supply-stations  at  the  tidewater  terminals,  on  Puget 
sound,  and  perhaps  elsewhere,  and  to  deliver  coal  to  them 
either  by  contract  or  by  using  government  colliers.    If  any  coal 
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be  sold  outside  Alaska  (and  as  to  the  advisability  as  well  as 
possibility  of  that  there  would  be  much  question),  the  cost  of 
transportation  should  of  course  be  added  to  that  of  mining. 

Whatever  be  the  decision  as  to  government  ownership  and 
operation,  leasing,  or  any  other  method  of  opening  the  Alaskan 
fields,  existing  rights  should  be  adjudicated  as  promptly  as 
possible.  Under  the  terms  of  the  Cunningham  decision,  if 
they  be  adhered  to,  it  seems  doubtful  whether  many,  if  any,  of 
the  claims  will  ever  go  to  patent.  In  any  event,  final  decision 
cannot  be  expected  promptly ;  and  what  is  needed  now  is  the 
prompt  opening  of  one  or  more  mines.  If  any  of  the  existing 
claims  are  valid  they  should  be  promptly  passed,  since  the 
opening  of  a  private  mine  or  two  would  supplement  rather 
than  conflict  with  the  government  colliery,  and  would  permit 
the  latter  to  be  devoted  practically  to  furnishing  coal  for  the 
navy  and  other  government  departments.  The  potential  com- 
petition of  the  government  mine  would  prevent  any  unrea- 
sonable increase  in  local  prices,  even  in  the  event  that  actual 
competition  of  oil  did  not  operate  to  do  so. 

The  adoption  of  the  plan  outlined  would  (1)  make  the  navy 
independent  as  to  fuel-supply  in  the  Pacific ;  (2)  furnish  coal 
at  reasonable  cost  to  local  industries  needing  it ;  (3)  permit  the 
government  to  determine  the  exact  facts  as  to  costs  and  condi- 
tions of  mining;  (4)  give  the  Bureau  of  Mines  an  excellent 
field  for  testing  its  theories  and  recommendations ;  (5)  permit 
adequate  time  to  be  taken  to  adjudicate  existing  claims,  and 
formulate  a  really  satisfactory  policy  of  handling  the  coal-lands 
of  Alaska.  Adoption  of  the  plan  outlined  would  not  dispose 
of  the  main  question,  the  final  disposition  of  Alaskan  coal- 
lands.  I  am  by  no  means  sure  that  a  satisfactory  final  solution 
can  now  be  formulated;  and  until  it  is  clear  that  the  right 
method  has  been  found,  I,  personally,  would  favor  leasing 
whatever  acreage  may  be  needed  for  the  fullest  development, 
upon  terms  outlined  later.  It  should  be  remembered  that  the 
United  States  is  the  owner  of  these  and  other  public  lands  as 
trustee  for  the  whole  people,  and  Congress  is  the  sole  judge  of 
the  terms  under  which  they  may  be  occupied  or  sold.  What- 
ever, in  the  judgment  of  Congress,  is  for  the  greatest  benefit 
of  the  people  of  the  United  States,  not  Alaska  alone  or  the 
Pacific  coast,  is  the  right  and  proper  thing  to  enact  into  law. 
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and  what  has  been  wisest  in  the  past  may  very  well  not  be,  in 
the  judgment  of  Congress,  now  equally  wise. 

In  discussing  the  Alaska  coal-land  situation  it  is  commonly 
assumed  that  the  matter  is  primarily  one  of  conservation.  This 
is  far  from  being  true.  Any  analysis  of  the  speeches  that  have 
been  made,  and  of  the  papers  written  on  the  subject,  will  make 
clear  that  distribution  of  profit  rather  than  waste  of  coal  is 
what  the  proponents  of  change  have  chiefly  in  mind.  Engi- 
neers, on  the  other  hand,  are  primarily  concerned  with  de- 
velopment, and  as  conservationists  their  interest  centers  mainly 
upon  securing  development  with  the  minimum  of  waste.  As 
has  been  repeatedly  pointed  out,  development  can  be  expected 
only  if  some  profit  accrue  to,  or  be  anticipated  by,  the  de- 
velopers. Avoidance  of  waste  is  a  matter  of  securing  the  best 
technical  service  in  the  actual  conduct  of  an  industry.  Eco- 
nomic considerations  determine  the  conditions  under  which 
development  may  or  must  proceed ;  the  engineer  determines 
how  best  to  meet  a  given  set  of  conditions.  Any  circumstance 
which  permits  more  money  to  be  spent  on  a  given  process  or  a 
larger  control  of  an  industry  to  be  exercised,  makes  possible  a 
greater  saving  of  material.  Higher  prices  and  larger  units  of 
business  organization  make  for  a  less  waste  of  coal  or  any 
other  material.  A  single  syndicate  raining  and  selling  Alaska 
coal  would  undoubtedly  conserve  both  coal  and  capital  better 
than  any  other  organization.  To  turn  the  matter  over  to  such 
a  syndicate  would  be  the  simple  and  business-like  method  of 
procedure — if  these  were  the  only  considerations.  It  is  evi- 
dent, however,  that  such  a  bald  solution  of  the  problem  would 
satisfy  no  one  except  the  members  of  the  syndicate,  and  some 
other  method  or  some  modification  of  this  one  must  be  found 
if  progress  is  to  be  made. 

Recurring  to  the  statement,  then,  that  as  a  people  we  are 
moving  away  from  our  early  intense  individualism,  it  is  clear 
that  there  is  now  a  widespread  desire  to  protect  the  average 
citizen  from  extortion  following  monopoly,  and  to  prevent  the 
accruing  to  individuals  of  the  unearned  increment  on  mineral 
lands.  The  problem,  as  thus  stated,  is  world-wide  and  it  is 
to  be  faced  in  every  industry.  Its  solution  as  regards  the  ex- 
isting public  mineral  lands  would  be  but  an  incomplete  answer 
to  the  great  needs  of  present  civilization — (1)  the  realization  of 
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the  benefits  of  large  business  organisations  without  loss  of  con- 
trol of  monopoly;  (2)  the  equitable  distribution  of  the  surplus 
earnings  of  mankind.  Solution  of  the  Alaskan  coal-problem 
will  be  at  best  but  one  small  step  in  the  solution  of  the  general 
problem,  and  any  method  applied  in  Alaska  and  based  upon 
government  ownership  of  the  land  can  be  of  but  small  im- 
mediate importance,  since  for  many  years  to  come  the  people 
of  the  United  States  will  draw  the  bulk  of  their  fuel  from 
fields  that  have  already  passed  into  private  ownership.  It  is 
true  that  approximately  one-third  of  the  known  coal  is  still 
owned  by  the  general  government.  This,  however,  is  unde- 
veloped. The  practical  question  is,  whether  it  can  be  opened 
under  regulations  that  will  rectify  mistakes  flowing  from  past 
policies,  or  at  least  prevent  similar  mistakes  in  the  future. 

The  great  anthracite-deposits  of  Pennsylvania  are  already  in 
the  hands  of  a  monopoly,  and  in  a  large  measure  the  enhanced 
value  of  the  land  has  already  gone  to  the  individuals  concerned 
in  organizing  and  maintaining  it.  There  is  no  question  but 
that  the  industry  has  been  benefited,  but  there  is  widespread 
popular  dissatisfaction  with  the  control  exercised,  in  this  case 
by  private  individuals,  and  the  government  finds  itself  estopped 
from  effective  regulation  of  the  industry  by  the  fact  that  the 
lands  are  owned  privately.  Recent  efforts  of  the  government 
to  enforce  the  Sherman  Act,  while  nominally  successful,  seem 
to  have  proved  barren  of  actual  result.  In  the  bituminous  coal- 
mining industry,  on  the  other  hand,  where  intense  competition 
is  the  rule,  conditions  are  chaotic  and  intensely  unsatisfactory 
to  every  one  except  those  large  users  of  steam  coal  who  put  low 
price  above  every  other  consideration.  The  average  citizen 
who  buys  in  small  quantities  is  already  paying  high  prices.  By 
stringent  anti-monopoly  laws,  the  tendency  towards  monopoly 
was  halted  before  the  bituminous  coal-mining  industry  became 
completely  organized.  It  would,  however,  be  extremely  diffi- 
cult to  reach  a  fair  and  disinterested  conclusion  as  to  whether^ 
from  the  point  of  view  of  the  general  public,  present  conditions 
are  more  unsatisfactory  in  the  anthracite  or  the  bituminous 
fields.  Low  prices  do  not  tell  the  whole  tale.  Wasted  capital, 
wasted  coal,  low  wages,  and  lost  lives,  the  formation  of  a  large 
class  of  permanently  discontented  workmen — all  these  must  be 
counted  against  low  prices  of  coal  used  by  railroads  and  power 
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companies,  granted  even  that  low  prices  to  the  latter  mean 
some  benefit  to  the  ultimate  consumer  of  transportation  and 
power. 

An  instractive  lesson  may  be  drawn  from  the  anthracite- 
fields.  Many  persons  forget  that  for  years  coal  was  mined  and 
sold  there  under  fiercely  competitive  conditions.  At  a  time 
when  it  cost  but  $1,000  to  open  a  mine,  and  $10,000  sufficed 
"  for  quite  a  respectable  business,"  many  rushed  into  the  indus- 
try. Overproduction  worked  the  inevitable  result  of  low  prices 
and  no  profit  Since,  however,  there  was  a  profit  to  the  rail- 
roads in  transporting  the  coal  to  the  market,  mining  was  stimu- 
lated by  loans  from  the  railroads  to  the  struggling  coal  com- 
panies.. Eventually  the  railroads  had  to  take  the  mines  to 
protect  their  loans,  and  then  discrimination  in  rates  and  service 
became  inevitable.  In  time  the  cost  of  opening  mines  rose  to 
almost  prohibitive  figures,  and  no  one  could  afford  to  invest  the 
large  sum  necessary  unless  he  also  controlled  transportation. 
All  these  factors  worked  together  to  produce  the  inevitable 
result,  a  monopoly  of  anthracite-mining  in  the  hands  of  the 
railroads.  From  many  points  of  view  the  results  have  been 
excellent.  The  properties,  however,  are  operated,  not  for  the 
sake  of  the  mines,  but  for  the  railroads,  and  a  great  national 
industry  is  subordinated  to  the  immediate  necessities  of  a  group 
of  roads.  For  many  years  there  was  no  profit  in  the  actual 
mining  of  anthracite;  probably  there  is  little  now.  Millions 
have  been  paid  in  royalties  to  fortunate  owners,  more  millions 
have  been  made  in  the  business  of  transporting  and  marketing 
the  coal ;  but  in  the  business  of  mining  there  has  been  no  con- 
siderable profit.  There  has  always  been  a  surplus  of  mines 
and  of  railroads  in  the  anthracite-fields,  and,  the  larger  capital 
being  invested  in  the  railroads,  it  was  inevitable  that  they  came 
to  dominate  the  situation.  The  State  and  the  National  legis- 
lators never  aided  the  industry  by  constructive  legislation  based 
upon  any  real  consideration  of  the  larger  problems  of  the  people 
and  the  coal.  When  they  acted  they  merely  pecked  at  the 
industry  with  petty  restrictive  acts.  The  net  result  is  a  firmly- 
seated  private  monopoly  of  a  great  national  resource. 

In  the  bituminous  coal-fields  the  story  is  similar  to  that  of 
the  anthracite-fields  in  the  early  years — an  abundance  of  coal 
and  of  capital,  investments  made  on  the  basis  of  an  inflated 
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industry  during  "  boom  "  times,  overproduction,  idle  plants  and 
men,  wasted  money  and  coal,  attempts  of  the  railroads  to  con- 
trol production,  each  in  its  own  interest,  and  the  formation  of 
monopolies  in  limited  areas.  The  tendency  towards  a  larger 
monopoly  has  been  checked  by  anti-monopoly  legislation  and 
the  regulation  of  interstate  commerce.  In  the  meantime  many 
idle  colliery-plants  stand  gaunt  and  rusting  in  the  valleys  and 
on  the  prairies,  and  an  idle  plant  does  no  service  for  any  man. 
It  is  useful  only  as  a  club  in  considerations  of  rates  and  prices. 
Clubs,  it  is  well  to  remember,  are  the  weapons  of  the  stone 
age. 

The  two  industries  exemplify  the  effects  of  combination  on 
the  one  hand,  and  of  competition  on  the  other.  In  1891,  under 
competitive  conditions,  anthracite  sold  at  the  mine  for  an  aver- 
age price  of  $1.73  per  ton.  In  1910,  under  monopoly  condi- 
tions, the  price  had  risen  to  $2  per  ton,  an  increase  of  16  per 
cent.  In  the  same  years  bituminous  coal,  under  competitive 
conditions,  rose  in  price  from  $0.99  to  $1.12  per  ton,  an  increase 
of  13  per  cent.  These  figures  are  no  measure  of  retail  prices, 
but  it  is  evident  that  whatever  may  have  been  the  effect  as 
regards  consumers,  the  creation  of  a  monopoly  in  the  anthra- 
cite-fields has  benefited  producers  of  coal  more  in  other  direc- 
tions than  by  increase  in  price.  It  is  important  to  remember 
in  this  connection  that  the  cost  of  selling  and  delivery  is  a  large 
element  in  the  retail  price  of  coal,  as  of  other  products,  and 
often  the  buyer  of  small  lots  imputes  to  the  original  producer 
charges  that  originate  long  after  the  coal  reaches  the  top  of  the 
ground. 

It  seems  clear,  on  the  whole,  when  the  two  industries  are 
contrasted,  that  combination  rather  than  competition  yields 
better  results.  To  secure  its  full  benefits  without  injury  to  the 
public  is  the  real  problem,  and  some  form  of  public  control  is 
evidently  desirable.  The  simplest  form  of  control  yet  found  is 
ownership.  It  does  not  follow  that  public  ownership  of  all  the 
coal-mines  is  either  desirable  or  necessary,  but,  so  long  as  the 
government  already  owns  one-third  of  the  coal-reserve  of  the 
nation,  this  coal  should  not  be  allowed  to  pass  into  private 
hands  until  some  adequate  means  of  meeting  the  problems  out- 
lined has  been  found  and  tested.  It  has  repeatedly  been  proved 
that  ownership  of  a  majority  of  the  stock  is  not  necessary  in 
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order  to  control  a  corporation,  and  a  holding  of  one-third  of 
the  coal  is  so  much  greater  than  any  possible  combination  of 
lands  privately  owned,  that,  particularly  in  combination  with 
its  other  powers,  the  government  can  determine  absolutely  the 
future  of  the  coal-business  of  this  country.  The  government 
ought  not  to  sell  the  coal-lands  until  the  whole  matter  is  set- 
tled. In  the  meantime,  all  the  demands  for  development  can 
be  amply  met  by  a  simple  leasing-system,  such  as  has  been 
proposed  by  the  administration.  There  is  no  benefit  to  be 
derived  from  locking  up  the  coal-lands  in  either  government 
or  private  hands,  but  to  sell  them  irrevocably,  at  nominal  prices 
and  in  quantities  in  excess  of  the  needs  of  prment  development, 
is  on  a  par  with  the  giving  of  perpetual  franchise  for  munici- 
pal utilities.  The  leasing-system  may  or  may  not  prove  the 
correct  procedure  as  a  permanent  policy,  but  for  the  present  it 
has  many  advantages  over  any  other. 

Thje  problems  that  now  confront  our  bituminous  coal-mining 
industry  arose  a  few  years  ago  in  the  same  form  in  Germany. 
In  that  land  of  orderly  industry,  the  coal  business  was  in  as 
bad  condition  as  was  ever  that  of  Pennsylvania  or  any  other 
American  State.  There  was  this  difference :  the  Prussian  gov- 
ernment, as  the  owner  of  many  miles  of  railroad,  was  concerned, 
in  place  of,  as  in  America,  a  group  of  private  individuals;  but, 
further,  the  government  there  did  not,  as  here,  own  a  large 
part  of  the  known  coal.  Difficulties  in  railroad-operation,  as 
well  as  the  general  disorganization  of  industry,  focused  public 
attention  on  the  coal  industry.  The  State  railways  sometimes 
enjoyed  cheap  coal,  and  at  other  times  paid  dearly  for  it.  At 
times  the  lines  had  much  traffic,  and  at  other  times  little.  For 
short  periods  the  collieries  made  large  profits,  and  these  periods 
were  succeeded  by  long  lean  years.  The  methodical  Germans 
studied  the  situation,  and  then  met  it  in  a  practical  manner, 
undeterred  by  theoretical  considerations  of  what  might  happen. 
The  government  purchased  enough  mines  to  give  it  control  of 
approximately  40  per  cent,  of  the  coal-producing  capacity  of 
the  country.  Then,  on  the  basis  of  the  ownership  of  these 
mines  and  a  thorough  knowledge  of  the  business,  the  govern- 
ment joined  in  a  syndicate  for  mining  and  marketing  coal. 
While  there  has  been  some  criticism  of  the  results,  there  has 
been  steady  work,  moderate  but  regular  profits,  and  better 
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prices.  English  coal  companies,  it  is  true,  have  made  inroads 
on  the  Berlin  market,  but  the  Germans  gaze  with  equanimity 
upon  this.  They  regard  the  low-priced  coal  furnished  by  com- 
peting English  companies  as  just  so  much  gain.  Germany  has 
regulated  the  coal-monopoly  by  becoming  a  party  to  it. 

I  am  among  those  who  believe  that  **  trusts,"  meaning 
thereby  large  business  organizations,  are  inevitable.  The  con- 
ditions of  modern  industry  favor  them,  and  their  economic  ad- 
vantages outweigh  their  evils.  It  is  not  necessary,  however,  to 
allow  them  to  proceed  unregulated,  and  to  do  so  is  as  foolish  as 
to  allow  unrestricted  employment  of  any  other  new  device, 
such  as  automobiles  or  wireless  telegraphy.  Trusts  need  regu- 
lation, but  if  business  is  to  be  conserved,  it  must  be  by  in- 
formed and  sympathetic  regulation.  The  best  way  to  control 
a  trust  is  through  the  board  of  directors.  Even  a  minority 
there  will  be  listened  to  with  respect,  and  suggestions,  if  sensi- 
ble, will  be  adopted. 

In  Alaska  the  conditions  of  industry  are  naturally  adverse. 
It  is  extremely  difficult  to  successfully  develop  an  enterprise, 
and  only  the  most  efficient  form  of  organization  can  hope  for 
more  than  sporadic  success.  The  coal-fields  may  be  developed 
more  quickly,  economically,  and  efficiently  by  a  single  great 
syndicate  than  by  a  number  of  small  warring  concerns.  The 
first  step  in  the  solution  of  the  Alaskan  coal-land  problems 
should  be  the  opening  of  a  government  mine,  primarily  to  sup- 
ply the  government  needs  of  coal.  If  necessary,  the  govern- 
ment should  build  the  needed  railway  to  the  mine.  The 
second  step  should  be  the  opening  of  private  collieries  on  leased 
ground,  and  the  formation  of  a  selling  syndicate  to  pro-rate  all 
contracts.  The  government  itaelf  should  be  a  member  of  this 
syndicate  and  should  be  represented  in  its  management  by  an 
expert  resident  official  of  ample  authority.  If  any  of  the  pres- 
ent claimants  of  lands  succeed  in  getting  patents,  they  should 
be  invited  to  become  participants  in  the  syndicate,  and  they 
would  probably  find  it  greatly  to  their  advantage  to  join. 

The  immediate  thing  is  to  provide  for  mining  some  coal 
now  and  still  leave  the  policy  of  the  future  to  be  shaped  to 
meet  its  own  needs.  This  seems  to  me  to  be  most  easily  ac- 
complished by  following  the  opening  of  the  government  mine 
with  an  offer  of  a  limited  number  of  leases  to  any  one  who  may 
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care  to  undertake  the  risks  involved  in  opening  collieries  in 
Alaska.  These  risks,  from  a  business  point  of  view,  are  bound 
to  be  large  for  many  years,  and  the  government  in  ottering  a 
lease  should  be  prepared  to  safe-guard  in  every  reasonable  way 
the  lessees  as  well  as  the  public. 

Leases  should  be  granted  upon  liberal  terms,  fixed  in  ad- 
vance, should  run  for  a  period  of  preferably  25  years,  and 
should  cover  in  each  case  sutticient  area  to  permit  continuous 
operation  of  a  modern  plant  through  the  life  of  the  lease.  The 
Mining  and  Metallurgical  Society  has  suggested  a  lease  for  all 
the  coal  in  the  ground,  with  a  minimum  required  production 
that  rapidly  increases  with  acreage,  in  order  to  afford  security 
and  yet  not  permit  holding  ground  for  speculation.  There  are 
many  possible  ways  of  meeting  this  problem,  and  any  one  of 
several  will  prove  satisfactory,  provided  it  be  clearly  announced 
in  advance  and  remains  unchanged  during  the  operations  of 
the  lease.  The  royalty  should  be  low,  since  a  healthy  industry 
is  more  important  than  revenue  to  the  government,  and  it  is 
no  proper  function  of  the  government  to  make  money  out  of 
one  industry  or  class  of  citizens  to  the  profit  of  others.  The 
number  of  leases  operated  at  any  one  time  should  be  restricted 
to  correspond  to  the  probable  market  for  coal.  Whenever, 
however,  the  existing  collieries  become  unable  to  supply  the 
demand,  or  the  profit  on  the  business  for  two  successive  seasons 
amounts  to  more  than  a  fixed  percentage  on  the  capital  in- 
vested, due  allowance  having  been  made  for  maintenance  and 
sinking-fund,  the  government  should  offer  additional  blocks  of 
ground  for  lease,  and  the  new  collieries,  when  open,  should  be- 
come members  of  the  selling  syndicate  and  should  receive 
their  pro  rata  of  contracts.  Leases  had  best  be  let  by  competi- 
tive bidding.  By  this  method  the  companies  would  fix  their 
own  royalties.  In  the  initial  competition  they  should  be  al- 
lowed to  offer  alternative  bids  based  upon  the  number  of  leases 
that  it  may  be  decided  to  let.  Clearly,  a  company  having  the 
whole  business  can  pay  a  higher  royalty  than  one  which  must 
divide  the  trade  with  others.  It  is  true  that  competitive  bid- 
ding has  disadvantages  as  compared  with  assignment  by  lot  or 
in  order  of  application,  but  among  those  familiar  with  the  busi- 
ness and  having  the  capital  to  carry  out  the  terms  of  the  lease, 
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bidding  would  be  equal,  and  there  can  be  no  advantage  in 
having  others  undertake  to  open  collieries. 

All  applications  for  leases  should  be  accompanied  by  bond, 
and  after  two  years  within  which  to  open  the  mine,  royalties 
should  be  collected  for  the  proportionate  tonnage  of  each  year 
whether  coal  be  mined  or  not.  Such  royalties  should  apply  on 
future  production,  their  payment  being  merely  required  to 
prevent  indefinite  suspension  of  operation.  The  detailed  terms 
of  the  suggested  leases  might  profitably  be  varied  somewhat, 
but  the  following  general  principles  should  be  held  to:  (1) 
Terms  liberal  and  known  in  advance ;  (2)  all  companies  to  par- 
ticipate in  sales  and  contracts;  (3)  the  government  to  be  fully 
informed  of  all  details ;  (4)  the  government  to  be  in  position 
to  prevent  extortion  by  permitting  the  opening  of  additional 
mines ;  (5)  royalties  to  be  determined  by  the  companies  them- 
selves by  means  of  competitive  bidding;  (6)  revenue  over  and 
above  the  cost  of  maintaining  the  service  should  go  in  large 
part,  if  not  entirely,  to  the  local  Territorial  government ;  (7) 
leases  should  be  freely  transferable,  and  subject  to  cancellation 
only  for  material  failure  to  observe  their  terms  and  after  court 
review. 

Until  the  California  oil-fields  begin  to  show  signs  of  deple- 
tion, it  is  not  likely  that  development  of  an  Alaska  coal-mining 
industry  will  be  rapid,  but  under  the  plan  suggested  above, 
every  opportunity  would  be  afforded  for  opening  mines  as  fast 
as  the  market  could  be  developed,  and  that  without  sacrifice  of 
any  interest,  present  or  future.  Such  a  complete  change  in 
policy  should  not  be  attempted  on  too  large  a  scale  at  once ; 
and  for  that  reason  it  is  suggested  that  the  plan  be  applied  to 
Alaska  only  at  present.  If  the  results  prove  satisfactory  the 
same  system  can  be  extended  to  the  remaining  coal-lands  in 
the  States,  and  there  can  be  little  question  that  a  selling  sj-ndi- 
cate  of  this  sort  could  bring  to  the  bituminous  coal  industry  all 
the  benefits  now  apparent  in  the  anthracite-region,  withott 
sacrifice  of  public  interests.  The  advantage  of  the  leasing-sys- 
tem  is  that  it  does  not  unduly  commit  the  future  of  the  indus- 
try, and  as  new  leases  came  to  be  given  from  time  to  time  the 
companies  would  ofiTer  higher  royalties  if  the  business  war- 
ranted, or  the  price  of  coal  would  fall.  In  either  event  the 
"unearned  increment"  would  accrue  to  the  public  rather  than 
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to  private  individuals.  The  plan  does  away  with  speculation 
in  the  land,  which  is  exactly  what  it  is  designed  to  accomplish. 
It  limits  the  amount  of  speculation  possible  in  leases  by  fixing 
a  maximum  profit  that  may  be  realized.  By  way  of  compensa- 
tion it  also  limits  the  chances  of  loss  by  restricting  competi- 
tion, and  by  throwing  on  the  government  much  of  the  expense 
of  pioneering,  in  that  the  government  mine,  to  be  opened  first, 
must  have  transportation-facilitiiis,  and  later  comers  may  enjoy 
these  equally  with  the  government.  It  meets  or  attempts  to 
meet  the  Western  objection  to  leases,  namely,  government 
from  Washington,  and  constant  interference  as  to  details,  by 
requiring  the  terms  of  the  lease  to  be  fixed  in  advance  and  that 
leases  shall  only  be  canceled  in  the  same  manner  and  on  the 
same  grounds  as  are  private  contracts.  A  further  important 
feature  of  the  plan  is  a  resident  official  with  ample  authority 
to  exercise  the  somewhat  limited  discretion  proposed.  No  at- 
tempt is  made  to  fix  prices.  These  will  be  determined  by  com- 
petition of  Canadian  and  American  coal,  California  oil,  and 
the  cost  of  hydro-electric  power.  The  limitation  is  as  to 
profits,  and  that  is  to  be  enforced  in  the  normal  method  by 
bringing  in  additional  competition  when  profits  become  too 
large.  An  orderly  rather  than  speculative  method  of  setting 
this  force  into  play  is  provided.  The  official  whose  duty  it  will 
be  to  offer  new  leases  will  be  fully  informed  as  to  the  facts  and 
must  proceed  according  to  fixed  conditions  known  in  advance. 
Finally,  his  judgment  will  be  put  to  test,  since,  unless  the 
showing  of  large  profits  or  insufficient  supply  be  satisfactory, 
no  competent  bidder  will  be  found  when  the  leases  are  offered. 
In  the  meantime  the  producers  are  protected  against  cut-throat 
competition  among  themselves,  the  power  of  the  government 
is  available  to  compel  fair  transportation-rates,  and  the  selling 
of  the  product,  the  most  difficult  and  delicate  part  of  the  coal 
business,  is  in  the  hands  of  the  companies  and  not  of  the  gov- 
ernment. The  plan  provides  for  placing  the  producing  com- 
panies upon  the  best  economic  basis  that  competition  of  other 
fields  will  permit,  and  under  these  conditions  they  will  be  pre- 
pared to  mine  coal  according  to  the  best  practice  that  is  now 
possible.  Conservation  of  coal  and  protection  of  life  in  the 
mines  must  be  enforced  through  the  police  power  of  the  State 
and  regulations  directed  to  that  end  must  be  matters  of  law. 
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In  order  to  secure  good  regulations  and  their  vigorous  enforce- 
ment, however,  the  operating  companies  must  be  placed  in  a 
satisfiactory  financial  position.  This  is  only  possible  when  they 
are  protected  against  unfair  competition  and  unreasonable  capi- 
talization. 

It  is  too  much  to  assume  that  any  plan  will  prove  entirely 
satisfactory,  but  the  above  is  offered  as  one  which  at  least  takes 
account  of  the  difliculties  and  provides  means  of  meeting  those 
that  can  be  foreseen. 

Discussion. 

R.  W.  Raymond,  New  York,  N.  Y. :  Mr.  Bain's  introductory 
statement  that  there  is  a  growing  disposition  on  the  part  of  the 
public  "to  change  emphasis  "in  government  from  "political 
equality  "  to  "  social  justice  "  is  somewhat  vague ;  but  I  gather 
from  his  argument  that  he  approves  the  growing  disposition 
to  which  he  refers,  and  that  the  "  emphasis  "  which  it  demands 
involves  a  radical  change  in  the  policy  hitherto  pursued  by  the 
United  States— ^the  policy  under  which  the  Pacific  States  and 
Territories  have  been  developed  thus  far.  I  do  not  understand 
how  "  social  justice "  is  to  be  furthered  by  the  sacrifice  of 
"  political  equality,"  or  how  the  change  is  to  be  eflfected  by 
*^  emphasis."  But  I  fancy  that  the  beneficent  and  necessary 
new  system  of  government  which  Mr.  Bain  has  in  mind  is  the 
administration  of  the  natural  resources  of  the  public  domain 
fur  the  profit  of  the  whole  nation  (i.  ^.,  of  the  Federal  treasury), 
instead  of  transferring  them  to  individual  citizens,  or  to  the 
States  and  Territories  in  which  they  are  situated,  to  be  utilized 
as  a  source  of  growth  and  prosperity  by  those  communities. 

The  general  discussion  of  this  proposed  reform  I  have  under- 
taken in  a  separate  paper  (announced  for  the  San  Francisco 
meeting,  but  withdrawn  when  Mr.  Bain's  paper  was  announced), 
which  I  hope  to  present  at  the  next  opportunity.  In  that  paper, 
I  shall  argue  that,  in  the  light  of  the  history  of  our  public  lands 
and  our  land-laws,  a  change  of  our  policy  at  this  time  would  be 
a  handicap  upon  the  progress  of  certain  States  and  Territories, 
and  would  ultimately  result  in  a  Union  of  States,  some  of  which, 
by  reason  of  events  in  their  history,  could  not  exercise,  as  to 
their  own  natural  resources,  the  powers  secured  to  others. 
Another  part  of  my  historical  argument  consists  in  the  narra- 
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tion  of  an  experiment  in  the  Federal  administration  of  public 
mineral  lands,  undertaken  under  conditions  much  more  favor- 
able than  would  surround  such  a  venture  now,  pursued  for 
40  years,  and  finally  abandoned  in  despair,  by  the  vote  of  an 
overwhelming  majority  of  Congress,  acting  upon  the  recom- 
mendations of  a  Presidential  message.  In  these  days,  when 
"  emphasis  "  seems  to  have  superseded  even  memory,  that  story 
may  surprise  many  who  think  they  are  now  proposing  a  new 
substitute  for  the  old  system  which  our  fathers  established,  but 
which,  after  serving  us  well  for  a  century  or  more,  must  now 
be  pronounced  inadequate — with  due  apology  to  the  said  fathers, 
who  "did  not  foresee,"  etc.  It  is  not  fashionable  to  recall 
^ything  prior  to  the  war  of  '61 ;  some  ardent  reformers  even 
seem  to  think  that  history,  as  a  useful  guide,  begins  with  the 
close  of  the  Spanish  war,  when  the  United  States,  having  picked 
up  the  island  of  Porto  Kico,  the  island  of  Guam,  and  the  1,500 
islands  of  the  Philippine  archipelago,  became  a  "  world-power." 
To  such  I  can  recommend  the  story,  which  will  at  least  show 
them  that  the  plan  which  they  regard  as  necessitated  by  new 
conditions,  and  suggested  by  a  new  generation  of  progressive 
statesmen,  is  simply  an  old  failure,  revived  by  ignorant  enthu- 
siasm. It  is  not  "  progress,"  but  reversion  to  an  obsolete  ances- 
tral type. 

Another  proposition  defended  in  my  paper  is  that,  if  govern- 
mental interference  with  private  enterprise  is  warranted  at  all, 
it  should  be  confined,  so  far  as  possible,  to  local  governments. 
Apart  from  all  questions  of  constitutionality,  it  is  the  verdict 
of  a  thousand  years  of  experience  that  the  government  which 
regulates  the  afiairs  nearest  to  the  citizen  should  be  itself  near- 
est to  him.  This  I  shall  support  in  my  forthcoming  paper  with 
instances  from  our  own  history  and  that  of  other  nations ;  and 
I  shall  here  offer,  under  this  head,  but  a  single  remark. 

Namely,  mistakes  in  legislation,  or  abuses  in  administration, 
are  much  more  easily  exposed  and  remedied,  if  committed  by 
the  government  of  a  single  State  or  municipality,  than  if  they 
occur  as  features  of  a  national  policy,  and  its  enforcement  by 
Federal  Executive  Departments.  The  wrongs  suffered  by  the 
citizens  of  a  ^ven  State,  for  instance,  can  be  removed  by  arous- 
ing the  sense  of  justice  of  the  people  of  that  State,  and  bring- 
ing to  bear  upon  its  Governor  and  Legislature  their  demand 
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for  immediate  righteous  action.  But  it  is  practically  impossi- 
ble to  make  the  Congressional  representatives  in  Congress  of 
forty-eight  States  so  hot  with  indignation  over  matters  affecting 
the  citizens  of  one  State  only  as  to  unite  them  for  immediate 
action.^ 

National  evils  of  whatever  kind  can  of  course  be  ultimately 
cured;  but  local  wrongs,  such  as  I  referred  to,  cannot  be 
promptly  corrected  by  Congressional  action.  This  is  simply  the 
verdict  of  actual  experience;  and  upon  it  is  based  the  doctrine 
of  "  home-rule,'*  which  needs  no  ftirther  comment  beyond  an 
apology  for  re-stating  and  re-defending  it  before  intelligent 
men.  If  it  were  not  so  old  as  to  be  immemorial  and  so  true 
as  to  be  trite,  I  might  offer  abundant  proof  of  it  in  the  wrongs 
recently  suffered  by  American  citizens,  without  practicability 
of  immediate  redress,  from  the  arbitrary  acts  of  Federal 
officials. 

But  Mr.  Bain  need  not  have  prefaced  his  paper  with  gen- 
eralizations about  government  by  emphasis,  or  criticisms  of  the 
inadequate  foresight  of  the  fathers,  or  declarations  of  the  ne- 
cessity of  new  methods  to  meet  new  conditions.  For  he  pro- 
poses primarily  nothing  which  is  not  wholly  consistent  with 
the  notions  of  the  said  fathers,  and  with  the  Constitution  which 
they  framed.  In  other  words,  he  simply  suggests  that  the 
United  States  government,  owning  certain  coal-lands  in  Alaska, 
and  needing  for  its  navy  a  safe,  sufficient,  and  suitable  supply 
of  coal  in  its  own  territory,  shall  open  a  coal-mine  in  Alaska. 
The  United  States,  as  actual  owner  of  certain  coal-lands,  can 
mine  coal  from  them,  if  it  sees  fit  to  do  so,  just  like  any  other 
private  owner.  Whether  the  enterprise  would  be  wise  from 
the  standpoint  either  of  business  or  of  statemanship,  may  be  a 
question.  But,  from  the  standpoint  of  constitutional  law,  it  is 
perfectly  legitimate,  quite  outside  of  all  declamatory  emphasis 

^  This  is  the  statement  which  was  reix)rted  by  the  correspondent  of  a  technical 
journal  as  a  declaration  on  my  part  that  •'  you  cannot  cure  national  evils,'*  and 
was  characterized  as  **  bruta'ly  pespimistic.*'  It  is  difficult  for  me  to  understand 
bow  any  intelligent  hearer  could  have  so  misunderstood  my  declaration  ;  and  it  is 
atill  more  difficult  to  conceive  how  any  man  who  knew  me — whatever  he  migrht 
have  thought  he  heard  me  say — couM  seriously  ascribe  lo  me  a  declaration  so  un- 
true and  unnecessary,  and  so  contradictory  to  the  work  of  my  whole  life.  In 
short,  I  am  reasonably  sure  that  I  was  incorrect'y  reported,  and  absolutely  sure 
ihat  I  was  grossly  and  unwarrantably  misinterpreted. 
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as  to  social  "justice/'  It  is  true  that  Mr.  Bain  proposes,  in 
connection  with  this  coal-mining  operation,  farther  measures, 
such  as  the  construction  of  a  trunk-railroad,  the  leasing  of 
other  coal-lands  to  private  corporations,  and  the  organization 
of  a  selling  syndicate,  in  which  the  United  States  government 
shall  be  a  member.  But  these  other  measures  might  be  un- 
dertaken, in  substance,  whether  the  government  had  a  colliery 
of  its  own  or  not.  The  first  question  to  be  considered,  there- 
fore, is  the  advisability  of  the  mining  of  coal  in  Alaska  by  the 
United  States  government  for  its  own  use ;  and  this  question 
is  to  be  judged  from  the  standpoint  of  an  owner  of  Alaska 
coal-lands  who  happens  to  be  also  a  large  consumer  of  coal. 

Where  is  this  colliery  to  be?  The  best  region  for  the  pur- 
pose of  naval  supply  is  undoubtedly  the  Bering  coal-field ;  but 
every  piece  of  known  coal-bearing  land  in  that  field  is  already 
located,  and,  as  I  understand,  the  rights  of  the  locators  have 
not  yet  been  finally  adjudicated.  Some  of  them  may  be  ulti- 
mately ousted ;  others  may  be  confirmed  in  their  titles.  Is  it 
certain  that  the  lands  of  the  ousted  claimants  will  include  the 
best  location  for  the  proposed  government  colliery  ?  Should 
not  the  government,  instead  of  starting  a  colliery  on  lands 
which  it  still  happens  to  own,  select  the  most  favorable  place, 
without  reference  to  ownership,  and  buy  the  tract,  if  necessary? 

The  selection  of  a  suitable  location  involves  not  only  the 
conditions  of  mining  and  transportation,  but  also  the  assumed 
quality  of  the  product.  This  cannot  be  settled  by  the  analysis 
of  selected,  or  even  of  carefully  averaged,  samples  taken  at  or 
near  the  outcrop.  Nothing  is  more  familiar  to  colliery-man- 
agers than  the  variation  in  quality — especially  in  percentage  of 
ash — exhibited  by  one  and  the  same  coal-bed.  And  every  con- 
sumer of  coal  who  is  also  owner  of  a  coal-mine  knows  that  he 
may  lose  money  by  continuing  to  use  his  own  coal,  when  it  has 
temporarily  deteriorated  in  quality,  instead  of  selling  it  for 
whatever  it  will  bring  in  the  market,  and  purchasing  better 
fuel  for  his  own  special  purpose.  I  was  for  20  years  con- 
nected as  engineer  with  a  firm  which  owned  coal-mines,  iron- 
mines,  furnaces,  rolling-mills,  etc.,  yet  often  found  it  economi- 
cal to  sell  its  own  coal  and  ore,  and  to  buy  materials  more 
completely  adapted  to  the  other  departments  of  its  business. 

The  plan  of  a  government  colliery  to  supply  the  navy  with 
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coal  involves  the  assumption  that  the  navy  will  use  that  coal, 
even  if  better  fuel  can  be  got.  The  item  of  cost  is  not  so  im- 
portant as  that  of  quality ;  for  this  affects  two  vital  elements 
of  naval  efficiency — the  speed  of  vessels  and  the  distance  which 
they  can  traverse  without  re-coaling.  It  would  be  the  height 
of  folly  to  make  our  navy  take  its  fuel  from  a  single  colliery. 
In  time  of  war,  the  least  superiority  of  one  fuel  over  another 
might  decide  the  fate  of  a  fleet;  and  I  venture  to  say  that  our 
government  would  take  the  best  fuel  it  could  find,  whatever 
became  of  its  colliery-investment  in  Alaska.  This  supreme 
requirement  of  quality  at  any  price  distinguishes  the  navy  from 
ordinary  customers. 

But,  quality  being  assured,  cost  becomes  important ;  and  a 
rival  fuel,  of  high  caloric  efficiency,  namely,  the  oil  of  Cali- 
fornia, is  now  competing  with  coal  on  the  Pacific  coast.  The 
relative  cost  of  the  two  fuels  is  worth  considering. 

Alfred  H.  Brooks,  the  distinguished  member  of  the  United 
States  Geological  Survey,  to  whom  we  owe  so  much  of  our  ac- 
curate knowledge  of  the  resources  of  Alaska,  estimates  the 
actual  cost  of  mining  in  the  Bering  region  at  $2  per  ton.  To 
one  who  has  had  long  experience  in  the  Pennsylvania  anthra- 
cite-region, this  figure  seems  very  small.  It  must  represent 
merely  the  actual  cost  in  labor  and  supplies  of  mining  a  ton  of 
coal  from  a  colliery  completely  developed  and  equipped,  without 
any  allowance  for  interest  on  the  capital  invested,  or  for  acci- 
dental delays  and  expenses,  or  for  special  exploring-work,  or 
for  "  strikes  "—or,  above  all,  for  faults  and  folds  in  the  coal- 
bed  itself,  necessitating  new  and  expensive  dead-work,  beyond 
the  amount  required  to  prepare  a  given  level  for  exploitation. 
Sach  underground  irregularities  have  ruined  many  a  prom- 
ising coal-mining  operation ;  and  they  are  characteristic  of  the 
Bering  field.  Mr.  Brooks  seems  to  make  allowance  for  them 
by  intimating  that  the  Matanuska  coal  may  prove  cheaper  to 
mine,  because  it  "  appears  to  be  less  folded  and  faulted."  But 
the  Matanuska  field  is  some  200  miles  from  port;  so  that  the 
certain  disadvantage  of  the  railway-haul  counterbalances  the 
possible  advantage  of  the  present  apparent  greater  regularity 
of  the  beds.  In  fact,  Mr.  Brooks  puts  the  cost  of  Matanuska 
coal  $1  per  ton  higher  than  that  of  Bering  coal.  But  even 
according  to  his  very  low  figures  for  the  latter  (based  on  a  pro- 
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duct  of  1,000,000  tons  per  annum,  railroad-freight  of  only 
10.66,  ocean-freight  of  $0.85,  unloading-charges  of  $0.15,  and 
profit  to  the  mine-operator  of  $0.15  per  ton),  Mr.  Brooks  says 
that  Bering  bituminous  coal  should  be  delivered  at  the  wharf 
in  Seattle  at  $3.91  to  $4.10,  and  Bering  anthracite  at  $5  per 
ton. 

Now  the  paper  presented  at  the  San  Francisco  meeting,  Octo- 
ber, 1911,  by  Mark  L.  Requa,^  declares  that  "  comparing  Cali- 
fornia oil  with  Alaska  coal,  it  is  apparent  that  oil  has  complete 
control  of  the  field."  Mr.  Requa  deems  it  "  safe  to  say  that 
California  oil  will  dominate  the  fuel-market  on  the  Pacific  coast 
during  the  present  century,  and  probably  far  into  the  next  cen- 
tury." He  shows  by  detailed  figures  that  coal  must  sell  at 
$8.50  per  ton  at  Douglas  Island,  Alaska,  in  order  to  compete 
with  oil  at  60  cents  per  barrel  (the  present  price  being  only  30 
cents)  at  the  well.  Mr.  Bain  himself  admits  that  ^'  the  railroad 
and  the  leading  coast-industries  have  now  been  converted  to 
burn  oil  imported  from  California."  In  other  words,  a  large 
coal-mine  opened  at  the  present  time  in  Alaska,  by  the  govern- 
ment or  anybody  else,  could  not  be  made  to  pay,  unless  it  were 
supported  by  government  contracts,  appropriations,  or  privi- 
leges— in  which  case,  it  would  simply  be  an  arbitrary  and  arti- 
ficial interference  with  an  established  industry  of  California. 
From  the  standpoint  of  *'  conservation,"  the  case  is  still  stronger. 
The  superabundant  oil-supply  of  California  is  irreparably  run- 
ning to  waste.  Why  should  this  treasure  be  sacrificed  for  the 
sake  of  the  premature  development,  by  artificial  support,  of  a 
competitive  industry  ? 

It  may  be  replied,  that  the  United  States  Navy  must  burn 
coal.  But  I  notice  that  the  latest  battle-ship  launched  by  the 
Japanese  is  so  constructed  as  to  burn  either  coal  or  oil  at  will; 
and  I  fancy  that  we  can  do  whatever  the  Japanese  can  do,  to 
meet  this  problem^-especially  when  our  own  country  is  pro- 
ducing and  wasting  an  immense  amount  of  oil,  the  **  conserva- 
tion" of  which  would  be  directly  in  the  line  of  our  most 
modern  "  emphasis." 

In  short,  if  the  government  needs  fuel  for  the  navy,  it  had 
better  prepare  its  ships  to  burn  either  coal  or  oil,  and  then  let 


'  Present  Indications  in   the  California  Oil-Fields,  Bulletin  No.  64,  p.  ;»77, 
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the  citizens  of  the  country  furnish,  in  free  competition,  the  fuel 
found  most  suitable  and  economical. 

Mr.  Bain's  suggestion  of  an  armj  engineer,  or  an  engineer 
from  the  United  States  Bureau  of  Mines,  as  an  available  man- 
ager for  this  government  colliery  and  railroad,  may  be  dis- 
missed with  the  simple  comment  that  such  officials  cannot  be 
spared  from  the  work  they  are  now  doing,  without  putting 
others  in  their  present  places.  Consequently,  there  would  be 
nothing  saved  by  employing  them — besides  which,  it  is  not 
likely  that  Mr.  Bain's  recommendation  would  determine  the 
appointment  at  Washington  of  the  occupant  of  such  a  position. 

The  notion  that  the  proposed  colliery  could  be  utilized  as  a 
means  of  testing  new  methods,  or  investigating  important  ques- 
tions, suggested  by  the  United  States  Bureau  of  Mines,  is  open 
to  two  serious  objections : 

In  the  first  place,  no  colliery  at  which  experiments  of  that 
kind  are  continually  going  on,  can  be  kept  in  operation,  as  Mr. 
Bain  declares  this  one  should  be,  in  conformity  with  the  condi- 
tions of  actual  practice. 

In  the  second  place,  no  new  questions  in  coal-mining  should 
be  tested  in  Alaska,  where  the  conditions  of  the  industry  are, 
ill  many  respects,  certain  to  prove  abnormal.  There  are  hun- 
<ireds  of  collieries  in  the  middle  West  where  such  novelties  can 
be — and,  if  plausible,  would  be — tested,  with  results  far  more 
useful,  because  more  applicable  to  the  average  conditions  of 
the  industry.  One  colliery  could  make  place  for  one  promising 
experiment;  but  any  one  colliery  doomed  to  try  all  the  experi- 
ments proposed  would  be  nothing  but  a  station,  maintained  by 
Congressional  appropriations  covering  its  annual  deficit,  and 
justified  only  by  its  technical,  not  its  commercial,  results.  Such 
^  a  station  might  conceivably  be  a  good  thing;  but,  even  in 
that  case,  it  ought  not  to  be  located  in  Alaska,  where  results 
would  be  less  valuable  and  more  costly  than  anywhere  ^Ise. 

Mr.  Bain's  further  proposals  of  leases  to  corporations  and  a 
selling-syndicate,  including  the  United  States  as  a  member,  to 
control  prices,  prevent  excessive  profits  and  promote  social 
justice,  have  been  carefully  elaborated.  They  are  evidently 
suggested  by  the  policy  of  the  German  Empire,  which  has,  in 
several  instances,  become  a  partner  in  "  trusts,"  in  order  to  be 
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able  to  control  their  operations.     Concerning  these  plans,  I 
offer  here  but  two  suggestions : 

In  the  first  place,  the  German  system,  which  has  its  manifest 
advantages,  contains  also  safeguards  against  abases.  While  I 
do  not  personally  believe  that,  as  a  whole,  this  "  paternal  gov- 
ernment" is  better  than  our  American  system  of  individual 
enterprise  and  free  contract,  I  acknowledge  the  right  of  others 
to  prefer  it.  But  of  this  I  am  sure :  that,  if  the  German  sys- 
tem is  to  be  imitated  at  all,  it  must  be  copied  as  a  whole,  and 
not  piece-meal.  We  must  extend  over  the  whole  national 
service  the  provisions  for  preliminary  education,  secure  tenure 
of  office,  and  pension  upon  retirement,  which  we  now  apply  to 
our  army  and  navy  only.  They  work  well,  on  the  whole,  in 
the  army  and  navy;  but  it  does  not  follow  that  they  could  be 
wisely  extended  to  all  Federal  functions  and  offices.  This  is  a 
question  too  wide  for  discussion  here.  But,  until  we  have  de- 
liberately adopted  the  "  bureaucratic  "  and  ^  paternal "  system, 
it  will  be  folly  to  adopt  single  parts  of  it. 

Mr.  Bain's  paper  presents  an  instance  in  point.  He  has 
devised  a  careful  scheme,  which  we  will  assume  to  be  very 
wise.  But  every  feature  of  that  scheme  requires  action  from 
Congress,  and  any  amendment  of  it  by  Congress  may  destroy 
its  utility  entirely.  What  security  have  we,  that  Congress 
would  not  thus  fatally  "  amend  "  his  plan  ? 

Under  this  head,  our  best  guide  will  be  the  record  of  what 
Congress  has  done  for  Alaska  already.  The  Act  of  May  28, 
1908,  "To  Encourage  the  Development  of  Coal-Deposits  in  the 
Territory  of  Alaska,"  is  a  specimen  of  the  legislation  to  be 
expected  with  regard  to  a  distant  Territory,  and  an  industry 
concerning  which  the  members  of  Congress  have  necessarily 
little  knowledge.  This  Act,  I  believe,  was  based  upon  the 
recommendation  of  a  Commission,  appointed  by  Executive  au- 
thority; but,  in  its  final  form,  after  sundry  amendments,  it 
contained  features  not  proposed  by  that  Commission.  Sec.  3, 
for  instance,  reads  as  follows  : 

"That  if  any  of  the  lands  or  deposits  purchased  under  the  provisions  of  this 
Act  shall  be  owned,  leased,  trusteed,  possessed,  or  controlled  by  any  device  per^ 
manently,  temporarily,  directly,  indirectly,  tacitly,  or  in  any  manner  whatsoever, 
so  that  they  form  part  of,  or  in  any  way  effect  any  combination,  or  are  in  any  wise 
controlled  by  any  combination  in  the  form  of  an  unlawful  trust,  or  form  the  sub- 
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ject  of  any  contract  or  conspiracy  in  restraint  of  trade  in  the  mining  or  selling  of 
coal,  or  of  any  holding  of  such  lands,  by  any  individual,  partnership,  association, 
corporation,  mortgage,  stock-ownership  or  control,  in  excess  of  2,560  acres  in  the 
District  of  Alaska,  the  title  thereto  shall  be  forfeited  to  the  United  States  by  pro- 
ceedings instituted  by  the  Attorney-General  of  the  United  States  in  the  courts  for 
that  purpose." 

The  exact  meaning  of  this  verbose  provision  is  not  clear; 
but  it  has  been  generally  understood  to  mean  that  even  the 
holding  of  stock  in  any  other  Alaska  coal-mining  corporation 
by  a  stockholder  of  a  corporation  which  had  purchased  coal- 
lands  under  this  Act,  would  forfeit  the  title  to  those  lands. 
At  all  events,  it  is  plain  that  for  the  least  infraction  of  thi& 
vague  prohibition,  or  for  any  act,  not  supposed  at  the  tinie^ 
but  determined  afterwards  by  a  judge  or  jury,  to  be  such  an 
infraction,  the  punishment  would  be  the  ruin  of  the  whole  en- 
terprise of  which  the  guilty  party  may  have  been  only  an  offi- 
cial, agent,  or  stockholder.  We  know  that  stockholders,  in  con- 
sequence of  the  acts  of  their  directors,  managers,  or  otherwise 
authorized  representatives,  may  have  to  pay  damages  and  pen- 
alties. But  the  notion  that  the  doom  of  immediate,  complete 
ruin  should  be  visited  upon  a  corporation  for  bona  fide  acts  of 
its  agents,  subsequently  construed  to  be  in  violation  of  a  statute, 
seems  to  the  average  stockholder  to  be  confiscation,  rather  than 
regulation. 

Such  drastic  measures,  however,  carry  their  own  cure.  They 
may  catch  and  plunder  a  few  unfortunate  investors  already 
involved;  but  capital  has  one  supreme,  conclusive  advantage 
in  such  a  contest :  namely,  it  can  run  away ;  and  if,  fortunately,, 
it  has-  not  yet  become  inextricably  involved,  it  can  decline  to 
go  in — and  there  you  are ! 

But  the  wisdom  of  Congress  did  not  stop  with  the  measure  I 
have  described.  The  Act  of  1908  was  really  intended,  by  the 
Commission  which  recommended  it,  to  furnish  a  way  in  which 
coal-claims  sufficiently  large  for  commercial  operations  could  be 
legally  acquired  in  Alaska.  In  provisions  not  here  quoted,  it 
authorizes  individual  locators  under  the  previous  law  to  con- 
solidate their  small  claims  so  as  to  make  tracts  not  exceeding 
2,560  acres  in  size,  and  to  perfect  entry  and  acquire  title  to  such 
tracts.  This  **  encouraging  "  permission,  however,  was  coupled 
with  conditions  not  previously  known  to  the  law.  One  of  these 
was  Sec.  3,  already  quoted ;  but,  as  if  that  were  not  enough, 
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Sec.  1  contained  an  annoying,  though  probably  futile,  stipula- 
tion as  to  the  stockholders  of  any  corporation  thus  created; 
and  Sec.  2  gave  to  the  United  States  government  the  right  to 
take,  for  the  use  of  the  army  and  navy,  at  a  price  fixed  by  the 
President,  the  coal  mined  upon  the  granted  tract — the  owners 
being  authorized  to  sue  in  the  United  States  Court  of  Claims 
for  an  additional  price,  if  they  thought  they  could  get  it,  and 
were  willing  to  risk  the  expense  of  trying. 

Of  course,  such  conditions  were  not  attractive  to  capitalists. 
At  all  events,  they  could  not  be  expected  to  invest  money  in 
Alaska  coal-mining,  under  such  risks  and  restrictions,  if  there 
were  another  way  in  which  such  an  enterprise  could  be  inaugu- 
rated, free  from  these  newly-devised  impediments.  Such  a  way 
was  open  under  the  Federal  coal-land  law,  extended  by  Con- 
gress, June  6, 1900,  to  cover  Alaska,  which  permitted  the  loca- 
tion of  a  claim  of  160  acres  by  an  individual.  A  locator  under 
that  law,  after  complying  with  the  prescribed  conditions  (which 
need  not  be  recited  here),  and  obtaining  his  patent,  could  do 
what  he  liked  with  his  own  property.  He  could  open  a  mine 
on  it,  or  sell  it  to  his  neighbor,  or  contribute  it  for  the  forma- 
tion, together  with  the  similar  contributions  of  his  neighbors, 
of  a  tract  large  enough  for  a  long-continued  business,  such  as 
would  invite  the  investment  of  capital.  By  simply  waiting 
until  individual  patentees  were  ready  to  combine  in  this  way, 
a  corporation  could  acquire  their  rights  for  a  consolidated 
enterprise,  free  from  all  the  burdens  and  restrictions  of  the  Act 
of  1908. 

The  only  way  (if  there  was  any  way)  to  induce  investors  to 
accept  the  unfavorable  conditions  imposed  by  the  Act  of  1908, 
was  to  shut  out  the  alternative  offered  by  the  Federal  law, 
extended  over  Alaska  in  1900.  It  is  funny,  but  true,  that  this 
little  alternative  was  overlooked  entirely  by  Congress.  The 
Act  of  1908  provided  simply  an  optional  procedure,  and  repealed 
no  previous  legislation.  Consequently,  the  former  law  is  still 
in  force;  and  those  who  do  not  like  the  conditions  of  the  new 
law  can  still  make  valid  locations,  if  they  find  opportunity, 
under  the  old  one ;  so  that  all  former  real  or  supposed  evils  are 
continued.  In  fact,  many  locators  under  the  former  old  law  are 
quietly  holding  on  to  their  rights ;  and  new  locations  under  that 
law  are  now  and  then  still  recorded.    With  Mr.  Bain's  declara- 
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tion  that  these  locations,  whether  old  or  new,  should  be  promptly 
adjudicated  and,  if  free  from  fraud,  carried  to  the  issue  of 
patents,  I  heartily  agree.  But  the  fact  remains,  that  Congress, 
with  the  best  intentions,  botched  the  whole  business ;  and  the 
presumption  is  that  Congress  would  do  so  again  if  it  got  a 
chance.  Congress  should  not  be  too  severely  blamed  for  legis- 
lating in  a  hurry  about  matters  of  which  it  knew  nothing. 
More  blameworthy,  indeed,  has  been  its  failure  for  years  to 
remove  the  incubus  imposed  by  government  upon  Alaska. 
But  my  present  point  is,  that  Mr.  Bain  ought  to  feel  sick  at 
heart,  in  contemplating  the  probable  fate  of  his  thoughtful  plan 
at  the  hands  of  Congress,  and  the  probable  shape  in  which  it 
would  emerge  from  such  handling. 

Of  course,  Mr.  Bain  is  not  responsible  for  that  result.  He 
has  a  clear  right  to  suggest  any  ideal  scheme  which  seems  to 
him  desirable.  But  we  others  have  a  similar  right  to  criticise 
that  scheme  as  impracticable,  without  even  discussing  its  theo- 
retical merits.  I  confess,  however,  that  those  who  make  this 
criticism  ought  to  suggest,  if  they  can,  some  practicable  alterna- 
tive ;  and  therefore  I  conclude  these  desultory  remarks  with 
such  a  suggestion,  not  based  upon  adequate  personal  knowl- 
edge, but  deserving  attention  as  an  alternative  to  Mr.  Bain's 
costly  and  otherwise  questionable  plan. 

From  my  study  of  sundry  reports  and  maps,  I  infer  that 
Katalla  is  the  best  port  for  the  shipment  of  Alaskan  coal ;  and 
I  learn  that  this  port  and  its  terminal  facilities  are  now  occu. 
pied  by  the  Alaska-Pacific  Railway  &  Terminal  Co.,  which 
has  already  spent  about  $500,000  in  its  enterprise.  This  com- 
pany has  no  connection  with  the  wicked  Morgan-Guggenheim 
syndicate,  owns  no  present  or  prospective  coal-locations,  and  is 
simply  holding  on  to  its  present  franchises  and  constructions 
until  the  Bering  coal-field  shall  be  allowed,  in  some  way  or 
other,  to  produce  coal.  When  that  desired  event  shall  arrive, 
this  company  will  be  able  to  transport  Bering  coal  to  Katalla 
by  a  haul  of  from  17  to  25  miles,  and  therefore,  at  a  much 
lower  rate  per  ton  than  any  other  projected  line  can  offer.  At 
present,  it  is  useless  to  prosecute  either  this  or  any  other  rail- 
road enterprise,  while  the  United  States  forbids  the  production 
of  coal.  But  if  coal-mining  were  permitted  in  the  Bering  field, 
this  line,  already  surv.eyed  and  located,  and  provided  with  ter- 
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1,1  is  almost  a  certificate  of  merit ! 
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silities,  could  be  extended  immediately  to  that  field, 
it,  the  contest  between  Alaska  coal  and  California  oil 
i  settled,  as  all  such  issues  have  to  be  settled,  by  busi- 
ipetition.  No  doubt  there  will  be  a  growing  local 
'or  the  Alaska  coal ;  and,  in  the  fight  for  a  market, 
oal-operators  will  take  greater  risks  than  any  manager 
ernment  enterprise  would  dare  to  take.  Meanwhile, 
rnment  would  buy  its  navy-fuel  wherever  it  saw  fit; 
jress  would  be  relieved  of  unaccustomed  and  incom- 
ole  functions. 

Id  add,  that  I  do  not  know  the  exact  condition,  or  the  ^  J 

promoters,  of  the  Alaska-Pacific  Co.,  above  referred  i 

'  other  railway  enterprise  in  Alaska,  free  from  the  sus- 
'*  conspiracy,"  would  serve  my  purpose  of  illustration 
veil.  But  this  one  seems  to  fill  that  purpose  most 
ly,  having  the  shortest  line  to  the  Bering  coal,  and 
)een,  moreover,  rarely  mentioned  in  the  voluminous 
igs  of  the  Congressional  Committee  which  harrowed 
i  the  affairs  of  Alaska.    Such  scanty  notice  from  such 


I 


AM  H.  Hampton,  Katalla,  Alaska  (communication  to 

itary  *) : — On  the  basis  of  long  observation  and  inti- 

sonal  knowledge  of  Alaskan  conditions,  I  desire  to  say 

great  necessity  of  Alaska  is  facilities  for  transporta- 

ch,  to  a  considerable  extent,  must  precede  the  develop- 

the  region  in  othe^*  respects.    Capitalists  are  not  eager 

ind  equip  large  mines,  unless  they  can  be  sure  of  the 

which  will  bring  their  machinery  and  supplies,  and 

ay  their  products.     On  the  other  hand,  pioneer  rail- 

\  are  not  attractive  investments,  unless  they  can  be 

ly  assured  of  a  profitable  business  from  the  new  terri- 

[jh  they  penetrate  and  develop.     There  is  thus  a  dead- 

ich  is,  however,  more  apparent  than  real,  if  only  let 

)r,  as  experience  has  shown  everywhere  on  the  Pacific 

2  modern  American  system  of  running  railways  into 

ped  regions  (as  distinguished  from  the  old  system  of  *ji  ;  .    ,  1 

ig  by  rail  the  centers  of  trade  already  established)  is  ' '  •'* 

e  set  in  operation,  if  the  opportunity  be  given  to  it. 

Llaska,  the  United  States  government  has  made  this 


*  Received  June  12,  1912. 
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apparent  dead-lock  real,  by  placing  artificial  restrictions  upon 
both  railways  and  mining.  And,  the  development  of  Alaska 
having  been  thus  made  at  present  impossible,  various  experi- 
mental remedies,  such  as  government  leases,  or  direct  govern- 
ment operations,  are  suggested  to  relieve  the  situation  which 
the  government  itself  has  created.  In  other  words,  new  ex- 
periments are  proposed  to  cure  the  evils  caused  by  old  ones. 

Now,  I  do  not  think  it  is  wise  to  try  such  new  experiments 
in  a  new  country  like  Alaska,  which  needs  all  possible  foster- 
ing encouragement  in  the  exploration  and  exploitation  of  its 
resources,  and  cannot  bear  any  additional  risk  or  burden.  Nor 
can  I  see  that  such  extraordinary  measures  would  be  necessary, 
if  certain  obviously  just  and  proper  things  were  done. 

1.  Let  the  laws  be  obeyed  by  the  officers  of  the  government, 
as  well  as  by  citizens;  and  let  the  citizen  who  has  obeyed  the 
laws  be  free  from  arbitrary  interference,  and,  above  all,  from 
the  stigma  of  fraud,  placed  wholesale  upon  an  entire  popular 
tion,  as  a  pretext  for  the  denial  of  rights  conferred  by  statute. 
Congress  has  invited  the  citizens  of  the  United  States  to 
engage  in  the  difficult  enterprise  of  settling  and  developing 
Alaska  upon  certain  conditions.  Those  conditions  have  been 
fulfilled  by  many  citizens  in  good  faith ;  and  the  United  States 
has  received  $360,000  in  payment  for  coal-lands,  located  under 
the  law  in  the  Bering  field.  Yet  not  a  single  United  States 
patent  has  been  issued  in  that  field.  Some  of  the  claims  are 
disputed  by  the  government,  it  is  true,  and  on  the  merits  of 
that  dispute  I  say  nothing.  But  with  regard  to  all  of  them, 
disputed  or  undisputed,  patents  are  arbitrarily  withheld ;  and 
claimants  are  informed  that  the  money  they  have  paid  in  good 
faith  cannot  be  returned  to  them  except  by  special  Act  of  Con- 
gress. When,  if  ever,  that  special  Act  shall  have  been  passed, 
they  may  get  their  money  back,  without  interest — for  Uncle 
Sam  pays  no  interest  on  "  claims."  Apart  from  all  questions 
of  law,  is  this  the  way  to  encourage  the  settlement  and  im- 
provement of  a  new — and  especially  an  Arctic — territory  ? 

2.  But  these  claimants  may  have  some  legal  rights — a  matter 
yet  to  be  finally  determined.  Meanwhile,  no  new  titles  can  he 
granted  in  the  Bering  field  until  these  have  been  finally  either 
confirmed  or  extinguished.  Hence,  the  obvious  duty  and 
policy  of  the  government  is  to  settle  these  titles  as  soon  as 
possible;  and,  if  this  duty  were  promptly  discharged,  there 
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J  no  need  of  other  and  dubious  means  to  break  the 
k:. 

jislation  for  the  prevention  or  regulation  of  "  trusts  " 
)nopolies  "  is  all  right.  Only,  let  it  be  legislation,  and 
rary  Executive  interference.  Let  the  law  itself  fix  the 
IB  to  which  individuals  and  corporations  are  to  be 
and  let  them  not  be  left  dependent  upon  Executive 
ad  Department  regulations,  fixing  new  conditions.  I 
at  it  is  already  the  privilege  of  a  citizen  to  resist  illegal 
legal  regulations,  and  to  insist  upon  his  rights  under 
But  the  privilege  of  fighting  the  government  is  too 
e  for  a  poor  man — and  rich  men  are  notoriously  un- 
to buy,  together  with  a  right,  the  risk  and  odium  of 

Moreover,  the  poor  man  is  forbidden  even  to  sell  his 
of  battle  before  he  has  won  a  victory  ! 
the  Matanuska  coal-field,  very  little  money  has  been 
paid  to  the  government  for  coal-lands.  Most  of  the 
ms,  I  believe,  have  been  canceled.  This  explains  the 
attention  lately  called  to  the  subject  of  government 
)r  the  development  of  that  field,  and  in  connection 
h,  the  plan  of  "  unloading  "  upon  the  government,  as 
line,  the  old  Alaska  Central  railway.  A  bill  has  been 
introduced  in  Congress,  providing  for  the  assumption 
nterprise  by  the  United  States,  and  the  transfer,  from 
nus  of  Panama  to  Alaska,  of  the  machinery,  material,  j 

I  required  to  complete  the  railroad  !     If  it  be  really  '   . 

necessary  to  undertake  such  an  enterprise,  the  govern-  i 

ght  certainly  to  be  free  to  choose  the  place  for  it,  and 
)reed  to  select  this  field  by  having  excluded,  through  ! 

unnecessary  and  still  revocable  action,  the  Bering  field, 
aides  the  known  high-grade  coal  of  the  Bering^  and  Ma- 
fields,  all  good,  bad,  or  indifferent  coal-lands,  with  an 
L2,000  sq.  miles,  have  been  arbitrarily  withdrawn  from 
ion  and  location.     Within  this  area  whoever  mines  a  ^ 

:oal  will  be  pursued  as  a  criminal  by  United  States  1 

agents."   A  still  larger  tract,  established  as  a  "  forest-  i 

'  is  an  additional  bar  to  the  industrial  progress  of 
and  the  enterprise  of  its  citizens.     No  wonder  the  situa-  j 

8  created,  and  prolonged  for  years  through  Executive 
md  Congressional  inaction,  calls  for  relief.     But  the 
ion  of  relief  through  further  interference  does  not  com-  ^.   ^       GoOqI'c 
self  as  wise.  ^ 
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6.  Evidently,  Mr.  Bain  has  not  been  on  the  ground  in  per- 
son; I  therefore  beg  to  correct  an  error  into  which  he  has 
fallen,  concerning  distances,  routes,  and  connections.  Namely, 
the  line  of  the  Copper  River  &  Northwestern  railway,  for  the 
transportation  of  coal  from  the  Bering  field  to  its  terminus  at 
Cordova,  passes  at  Katalla  the  terminus  of  the  Alaska-Pacific 
Co. ;  and  its  extra  length,  beyond  Katalla,  is  not  58  miles,  as 
stated  by  Mr.  Bain,  but  75  miles  in  an  air-line.  The  latter 
road  strikes  the  first  Bering  coal  17  miles  from  its  terminus 
and  harbor;  and  at  25  miles  it  is  in  the  heart  of  the  Bering 
field.  From  a  point  on  this  direct,  short  route  to  the  coal,  a 
cross-line  of  about  26  miles  would  connect  with  the  Copper 
River  &  Northwestern  for  purposes  of  interior  trade.  Having 
personally  made,  before  the  advent  of  the  C.  R.  &  NW.  Co.,  the 
survey  of  much  of  the  line  now  occupied  by  that  company,  I 
make  this  statement  upon  positive  knowledge. 

7.  In  conclusion,  I  beg  to  repeat  that,  in  my  judgment,  what 
Alaska  needs,  and  has  a  right  to  expect,  is  simply  fair  play, 
such  as  heretofore  has  been  given  to  other  Territories.  Mr.  Bain 
suggests  that  his  plan  of  a  government  mine,  a  government 
railway,  government  leases  of  coal-lands,  and  a  selling-syndi- 
cftte,  of  which  the  United  States  shall  be  a  member,  be  applied 
to  Alaska  only  at  present,  and  afterwards,  if  the  results  prove 
satisfactory,  extended  to  the  remaining  coal-lands  in  the  States. 
As  a  citizen  of  Alaska,  I  would  urge,  on  the  contrary,  that  this 
complicated  experiment  be  tried  first  on  some  patient  not  al- 
ready moribund.  If  the  results  should  be  satisfactory,  and  if 
Alaska  should  be  permitted  meanwhile  to  recover  strength 
without  the  interference  of  doctors,  she  might  be  able  to  stand 
the  new  treatment,  when  it  had  been  elsewhere  demonstrated 
as  successful. 

As  to  the  general  policy  of  leasing  public  mineral  lands,  I 
would  only  say  that,  if  it  should  be  adopted,  I  think  the  Cana- 
dian system  might  well  be  followed.  Under  that  system,  the 
government  gives  something,  in  the  way  of  the  eflScient  admin- 
istration of  justice,  the  protection  of  property,  public  improve- 
ments, etc.,  for  the  royalty  it  exacts.  The  mere  acquirement 
of  rent  or  royalty,  without  such  compensations,  is  nothing  but 
the  old  Spanish  colonial  system,  which  promotes  tyranny  and 
ends  in  ruin. 
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rhe  San  Nicolas  Mining-District,  San  Nicolas, 
Tamaulipas,  Mexico. 

tVING  H.  WENTWORTH,   MATBHUALA,  SAN  LQI8  POTOSI,   MEXICO. 
(New  York  Meeting,  February,  1912.) 

little  town  of  San  NicoUs,  Tamaalipas,  Mexico,  lies 
imately  60  miles  east  of  Linares,  situated  in  the  State  of 
Leon,  and  150  miles  SE.  of  Monterey,  a^  shown  in  the 
•map,  Fig.  1.  The  place  is  reached  from  Monterey  by  the 
CO  train  as  far  as  Linares,  a  distance  of  92  miles,  and 
Y  coach  the  rest  of  the  way.  It  is  situated  in  a  narrow 
between  low  hills,  the  houses  forming  one  main  street 
jlaza.  It  is  peopled  by  about  500  inhabitants, 
climate  is  temperate,  the  thermometer  ranging  from  90^ 
imer  to  a  few  degrees  below  freezing-point  in  winter; 
s  severe  weather  only  lasts  a  day  or  two  at  a  time,  when 
orthers  "  blow. 

re  are  no  streams  in  the  vicinity,  but  water  sufficient  for 
\  of  the  people  is  obtained  from  wells.  The  rainfall  is 
ihe  same  as  that  in  the  rest  of  NE.  Mexico.  The  rainy 
3  are  July,  August,  and  September.  The  rest  of  the 
\  practically  dry,  with  an  occasional  showery  day  or  two 
the  winter,  when  a  "  norther  "  is  blowing, 
ber  is  abundant  in  many  localities.  There  are  two  varie- 
oak,  besides  mesquite,  ebony,  «*maguira,^'  "patol,"  and 
3er  of  other  kinds  of  trees  indigenous  to  this  region. 

I.  History. 
he  discovery  of  the  silver-lead  bearing  veins  occurring 
district,  the  mining-camp  of  San  Nicolds  was  founded 
7  by  the  Spaniards,  and  numerous  mines  were  opened 
orked  for  a  distance  of  about  3  miles  east  and  5  miles 
'  the  town.  At  the  western  extremity  and  near  the  Car- 
mine, a  small  town  called  San  Pedro  was  built.  The 
walls  of  the  houses  form  a  single  street,  and  all  is  over- 


■h.- 


[1] 


Digitized  by 


844 


THE   SAN    NICOLAS    MINrKG-DISTRICT, 


Fio.  I. ^Sketch-Mat  op  the  State  of  TAMAt^ErfFAS,  Mixico, 

r  ^  -j  Digitized  by  VjOOQIC 


THE   SAN    NICOLAS    MINING-DISTRICT. 


845 


ith  brush  and  small  trees.  A  little  farther  east  of  this 
•  the  Santa  Bdrbara  mine  are  the  ruins  of  another  set- 
Judging  from  the  old  records  preserved  in  the 
of  San  Nicolas,  together  with  the  innumerable  mine- 
;  scattered  along  a  line  8  miles  long,  great  activity  was 
1  in  those  early  days,  and  the  population  grew  to 
ihabitants.  All  was  suddenly  brought  to  a  stop  in  1810, 
ir  broke  out  with  Spain,  resulting  in  the  independ- 

the  country.  The  political  disturbances  which  fol- 
i  rapid  succession  up  to  about  35  years  ago,  together 
5  fact  that  the  country  was  over-run  by  wandering 

hostile  Indians  from  the  north,  prevented  further  de- 
nt of  the  camp, 
^stem  of  mining  employed  by  the  old  Spaniards  here 

same  as  that  carried  out  in  many  other  parts  of  the 

viz. :  small  irregular  openings  reaching  to  no  great 
The  ores  were  treated  by  smelting  in  small  furnaces, 
es  at  the  mines,  and  sometimes  at  some  distance  away. 
tes  are  marked  by  piles  of  slag,  some  of  which  are  to 
is  far  off  as  the  town  of  San  Carlos,  18  miles  SW.  from 
3la3. 

all  appearances,  the  location  of  these  galemeSj  as  they 
id,  depended  on  the  supply  of  water,  or  wood,  or  both 
;  for  a  particular  kind  of  wood  was  used,  called  ocotillo, 
nail  tree  that  grows  throughout  this  part  of  the  country. 
)d  is  hard  and  burns  with  a  fierce  heat, 
e  opening  of  the  Monterey  &  Mexican  Gulf  railroad 
art  of  the  Mexican  National  system)  through  to  Linares 
lose  of  1889,  much  needed  means  of  communication 
)vided  with  the  Monterey  smelters.  Mining-operations 
Qewed  by  progressive  individuals  in  some  of  the  old 
38,  and  new  ones  were  opened.     Further  facilities  were 

to  the  district  by  the  building  of  the  Linares  & 
Iroad  by  the  San  Carlos  Copper  Co.  from  Linares  to 
e  in  1906,  which  shortened  the  haulage  in  carts  from 

miles.  The  traffic  on  this  road,  however,  was  stopped 
ary,  1911,  by  the  closing  down  of  the  company  and 
of  its  premises. 
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n.  Geology. 

In  traveling  from  Linares  to  San  Jose,  one  crosses  first  a 
broad  rolling  country  well  timbered  with  mesquite,  and  beneath 
the  alluvial  soil  lie  slates  and  shales  of  Jurassic  age.  After 
covering  two-thirds  of  the  distance  and  on  approaching  the  foot- 
hills of  the  San  Carlos  mountains,  one  comes  to  Tertiary  con- 
glomerates, the  dfebris  of  the  Cretaceous  formation,  which  soon 
follows.  This  latter  covers  the  entire  district  that  is  the  sub- 
ject of  the  present  article,  and  may  be  divided  into  three  dis- 
tinct  parts,  each  with  marked  characteristics.  The  lower  part 
is  composed  of  approximately  200  m.  of  thick-bedded  gray 
limestone  containing  94  per  cent,  of  CaCOj,  the  middle  part  of 
50  m.  of  a  thin-bedded  siliceous  limestone  from  4  to  12  in. 
thick,  streaked  with  bands  of  chert,  and  the  upper  part  of 
elates,  impure  limestone,  and  shales,  about  200  m.  thick.  One 
class  of  rock  changes  abruptly  to  another  without  any  slow 
gradation. 

The  San  Carlos  mountains  form  a  rugged  ridge  extending 
south  from  San  Jos6  for  a  distance  of  12  or  15  miles,  and  rise 
to  a  height  of  4,000  ft,  more  or  less,  above  the  plain,  or  about 
5,000  feet  above  sea-level.  Fifty  miles  east^ there  is  a  similar  ridge 
running  parallel  to  the  first ;  and  in  between  the  two,  and  ex- 
tending to  the  north,  the  limestone,  with  a  breadth  of  20  miles, 
rises  to  an  average  elevation  of  2,500  ft.  above  the  sea-level. 

This  is  deeply  furrowed  by  canyons  over  the  whole  extent, 
with  drainage  N-S.,  in  which  directions  it  slopes  gradually 
from  the  center.  Crossing  this  formation  are  a  few  wide  folds 
with  gently-sloping  sides,  whose  axes  run  N-S.  Besides  these, 
there  are  other  folds  running  E-W.,  which  are  short  and  sharp, 
forming  monoclines  and  synclines.  It  is  along  the  latter  that 
the  limestone  has  been  fractured,  and  mineral-bearing  veins 
have  formed. 

The  country  has  undergone  two  diflPerent  periods  of  igneous 
intrusions  during  Tertiary  times.  In  the  first,  large  bodies  of 
syenite  penetrated  the  limestone  at  San  Jose  and  to  the  south, 
altering  the  surrounding  rock  in  places  to  marble,  and  also 
forming  garnet  and  other  minerals  peculiar  to  contact-meta- 
morphism.  It  is  along  these  contacts,  and  especially  in  close 
relation  to  the  garnet,  that  the  copper-ores  in  the  mines  at  San 
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ire  found.^  In  the  second  period,  a  large  number  of 
and  laccoliths  of  basalt  were  formed  throughout  this  part 
country.  The  limestone,  which  has  just  been  described, 
between  the  two  ridges  of  mountains,  was  elevated  dur- 
Is  epoch,  forming  a  broad  dome.  Below  this  dome,  there 
btedly  exists  a  large  laccolith  of  basalt,  for  the  center  is 
i  with  a  large  mass  which  forms  the  Sacramento  moun- 
single  peak  with  precipitous  sides,  rising  500  ft.  above 
mestone.     This  peak  is  situated  3   miles  west  of  San 

rS. 

aerous  dikes  and  small  laccoliths  are  scattered  over  the 
limestone-area,  having  their  source  probably  in  the  main 
th.  These  intrusions  have  altered  the  limestone  but  lit- 
t  indirectly  they  have  formed  the  means  of  the  minerali- 

of  the  district. 

have  thus  a  limestone-district  folded  and  faulted  by 
LS  intrusions;  and  the  fractures  resulting  from  these 
aents  became  the  water-courses  through  which  the  warm 
ms  in  their  upward  flow  have  formed  metalliferous  veins. 

principal  mineral  is  argentiferous  galena,  with  a  little 
carbonate  and  sulphate  occurring  generally  as  scales 
i  the  sulphide  where  the  latter  has  been  oxidized.  Occa- 
[y,  small  amounts  of  blende  occur  associated  with  the 
I.  The  gangue-matter  of  the  veins  is  barite,  calcite,  and 
le  mines  quartz.  Often  the  ore  is  imbedded  in  a  hard- 
;lay  derived  from  the  adjacent  rock  by  faulting.     In  the 

part  of  the  veins,  silver  chlorides  often  occur  in  minute 
les  disseminated  through  the  gangue ;  and  while  in  most 
the  amount  is  insufficient  to  be  of  economic  interest,  ow- 
present  conditions,  still  paying  values  are  oft^n  encoun- 


i 


1 


I 


I  bulk  of  the  ore  recently  mined  in  this  district  has  been 
from  the  siliceous  limestone,  which  forms  the  center  of 
)rmation.  The  mineralization  has  been  effected  by  re- 
aent  of  the  limestone  by  the  minerals  brought  up  from 
by  warm  solutions.     These  waters  have  been  arrested  in 

*,  Kemp,  The  Copper-DepoBits  at  San  Jos^,  TamaulipaSi  MexicOi  Trans,  ^ 
178  to  203  (1905).  G.  I.  Fiolay,  Geology  of  the  San  Jos^  District,  Tamau- 
[ex.,  Armals  of  the  New  York  Academy  of  Science j  vol.  xiv.,  pp.  247  to  295 

3). 
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their  upward  course  in  a  number  of  localities  by  impervious  or 
semi-impervious  strata,  and  the  solutions  have  penetrated  along 
the  bedding-planes  of  the  limestone  just  under  the  slate,  form- 
ing blanket-veins,  some  of  which  are  15  m.  wide.  This  restric- 
tion in  the  upward  circulation  of  the  water  has  caused  the  ore 
to  have  a  great  tendency  to  follow  certain  strata;  so  that  in- 
stead of  the  vertical  or  oblique  ore-shoots,  such  as  are  predomi- 
nant in  nearly  every  mine,  there  are  horizontal  ore-bodies. 
One  characteristic  of  these  ore-bodies,  and  a  favorable  one  at 
that,  is  their  regularity  and  extension.  On  the  Todos  Santos 
vein,  these  shoots  have  been  followed  for  1,000  m.  with  the  ore 
still  continuing ;  and  in  the  Moctezuma  mine,  the  vein  has  been 
explored  500  m.  without  finding  any  change.  The  veins  pene- 
trating the  slate  that  composes  the  upper  part  of  the  formation 
are  narrow,  and  the  ore  occurring  in  this  rock  is  pockety. 
The  narrowness  is  due  to  the  fact  that  the  slate  possesses  more 
resistance  than  the  limestone;  so  that  the  fractures  narrow 
down  immediately  after  passing  above  the  siliceous  limestone, 
become  ill-defined,  and  then,  in  most  places,  disappear  before 
the  surface  is  reached.  In  the  immediate  neighborhood  of  San 
NicolAs  and  in  this  slate,  the  galena  occurs  in  quartz,  which  in 
many  places  forms  bands  along  the  walls  of  the  veins,  while 
the  center  is  filled  with  calcite  which  is  practically  barren. 
Farther  west,  however,  at  El  Palmar  and  Moctezuma,  the  veins 
in  the  slates  consist  almost  entirely  of  calcite,  carrying  galena 
and  silver  chlorides.  In  the  extreme  w^estern  part  of  the  dis- 
trict no  quartz  is  found. 

III.  Veins. 

The  Todos  Santos  Vein. — This  vein  passes  through  the  Mari- 
posa, Todos  Santos,  Cuatro  Vetas,  La  Condesa,  and  El  Conde 
claims,  which  are  located  in  the  extreme  western  part  of  the 
district,  as  may  be  seen  in  the  accompanying  map.  Its  course 
is  70°  NW-SE.  astronomical,  and  follows  a  fold  in  the  rock 
that  in  some  places  forms  a  syncline,  while  in  others  a  mono- 
cline, see  Fig.  2.  Most  of  the  ore  occurs  on  the  south  side  of 
the  trough,  in  some  places  dipping  north,  but  the  general  dip 
is  to  the  south  at  an  angle  of  from  70°  to  80°.  The  ore  in  the 
vein  varies  from  a  few  inches  to  5  or  6  ft.  in  width,  averaging 
about  2  ft.     The  blanket-veins,  or  mantoSy  as  they  are  called 
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composed  of  almost  pure  galena,  varying  from  1  to  8 

wide,  but  5  or  6  in.  is  about  the  average  width.  At 
tion  of  the  vertical  vein  and  the  manioSy  the  ore  in 
les  widens  out  considerably.  The  blanket-veins  are 
ell  defined,  but  the  vertical  vein  has  no  regular  walls, 
penetrating  the  limestone  at  variable  distances,  with  a 
'  to  form  small  mantos  along  the  bedding-planes, 
orkings  on  this  vein  have  uncovered  two  mantos,  the 

one  being  just  under  the  slate,  and  the  other  one 

m.  below  the  first. 


Fig.  2. — ^Todos  Santos  Vein.    CRoas-SEcrioN. 

ticline  passes  through  the  center  of  the  Todos  Santos 
th  its  axis  running  N-S.,  the  formation  dipping  west- 
x)Ugh  the  Mariposa  and  beyond  for  a  distance  of  8  or 
and  eastward  about  6  km.  to  El  Palmar.  An  arroyo 
down  the  top  of  this  anticline,  exposing  the  thick- 
gray  limestone.  The  dip  of  the  formation  both  east 
b  is  gradual ;  and  although  in  places  the  angle  is  as 
15°,  the  total  dip  to  the  east  at  the  end  of  the  6  km.  is 
)0  or  125  meters. 

ein  penetrates  the  slate  above  the  siliceous  limestone 
ort  distance,  and  consequently  only  shows  on  the  sur- 
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face  near  the  Todos  Santos  anticline.  On  account  of  the  diffi- 
culty of  locating  the  vein,  nothing  is  known  of  it  beyond  the 
workings  on  the  claims  above  mentioned. 

The  Moctezuma  Vein. — This  vein  lies  about  500  m.  south  of 
the  Todos  Santos  vein,  and  is  parallel  to  it.  It  passes  through 
three  claims,  the  Andrea,  the  Moctezuma,  and  the  San  Andres; 
and  the  camp  is  known  as  Moctezuma. 

It  is  a  stronger  vein  than  the  Todos  Santos,  as  it  penetrates 
the  slate  to  a  greater  distance  above  the  siliceous  limestone ; 
but  the  mantos  that  have  formed  on  it  are  small  and  irregular. 
Still  it  is  to  be  noted  that  just  under  the  slate  the  ore  is  wider 
and  is  of  a  better  grade  for  some  meters  in  depth  than  farther 
down,  thus  forming  a  horizontal  shoot. 

The  dip  of  the  formation  here  is  to  the  east,  the  same  as  along 
the  Todos  Santos  vein.  Owing  to  the  difficulties  in  prospect- 
mg  here,  nothing  is  known  of  this  vein  either  east  or  west  of 
the  camp. 

"fhe  Carroleiia  Vein. — The  next  known  vein  is  the  Carrolena, 
lying  between  400  and  500  m.  south  of  the  Moctezuma,  and 
running  about  73°  NW-SE.  It  passes  through  the  Santa 
Claus,  Maria,  and  the  Carrolena  claims,  and  then  turns  S.  53^ 
E.  into  the  Dulcinea;  thence  east  into  the  Don  Quijote  and 
San  Nicolds,  where  it  makes  another  turn  to  S.  35°  E.,  and 
passes  through  the  Santa  Barbara  and  Desamparados. 

The  Desconocida  Vein. — This  vein  is  parallel  to  the  CarroleSa, 
and  lies  about  75  m.  to  the  south.  It  traverses  the  Des- 
conocida, Dulcinea,  Don  Quijote,  and  the  rest  of  the  claims 
crossed  by  the  first  vein. 

The  Hormigas  Vein. — About  100  m.  south  of  the  Descono- 
cida is  the  Hormigas  vein,  passing  through  the  Dulcinea,  Hor- 
migas, and  Olivares  claims. 

Taking  the  three  veins  together,  they  are  similar  to  the  Moc- 
tezuma, being  strong  fractures,  penetrating  far  up  into  the  slate, 
and  can  be  seen  on  the  surface  in  many  places.  To  the  east  on 
the  Santa  Barbara  and  Desamparados  claims,  they  combine  the 
features  of  the  Todos  Santos  vein  by  forming  mantos  just  under 
the  slate.  Their  distorted  course  is  due  to  local  horizontal 
faulting.  The  mines  located  on  this  group  of  claims  form 
the  camp  known  as  El  Palmar. 
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3  been  mentioned  before,  the  formation  dips  east  from 
antos  to  El  Palmar ;  thence  it  rises  towards  the  east  to 
just  beyond  the  Desamparados,  where  the  lower  lime- 
3WS  again  on  the  surface. 

urther,  the  country  dips  again  slightly  to  the  east  on 
town  of  San  Nicol4s. 

id  the  Desamparados  are  a  number  of  claims  strung  out 
st,  as  shown  in  Fig.  3.  These  claims  are  located  along 
jtinct  parallel  veins,  which  outcrop  through  the  slate, 
jfly  along  these  outcrops  that  the  old  Spaniards  worked, 
a  probability  that  these  three  veins  are  the  continua- 
the  El  Palmar  group. 
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-Map  of  San  Nicolas  Mining-District,  Tamaulipas,  Mexico. 


IV.  Ore-Treatment. 

the  renewal  of  mining-operations  in  this  district,  the 
e  been  treated  by  hand-concentration.  First,  the  clean 
ilena  is  picked  out  of  the  ore  as  it  comes  from  the 
ud  the  rest  is  then  passed  over  a  1-in.  or  a  0.75-in. 
reen.     The  coarse  dirt  is  ground  in  Chilean  mills,  gyra- 

jaw  crushers,  and,  together  with  the  fines,  is  washed 
llcis  to  get  rid  of  the  clay.  At  the  same  time,  the  bulk 
ed  more  or  less  to  two-thirds  by  throwing  away  the  light 
pthless  dirt  that  is  carried  down  to  the  bottom  of  the 
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planillas.  After  that,  the  ore  is  jigged  by  hand  in  a  box  from 
3*5  to  4  ft.  long  by  15  or  18  in.  wide,  with  a  4-me8h  screen  in 
the  bottom,  submerged  in  one  end  of  a  box  about  5  ft.  square, 
which  contains  the  water.  The  jerking  motion  is  produced  by 
means  of  a  pole  from  12  to  15  ft.  long. 

The  large  box  is  divided  in  the  middle  by  a  baffle-board  that 
reaches  nearly  to  the  surface  of  the  water.  Most  of  the  ore  fine 
enough  to  pass  through  the  4-mesh  screen  collects  in  the  com- 
partment under  the  jig-box,  while  the  motion  of  the  jig  throws 
the  light  and  worthless  slimes  over  the  baffle-board  into  the 
next  compartment,  where  they  collect. 

The  ore  thus  treated  gives  a  product  that  assays  as  follows: 
Biker,  from  1,500  to  3,500  g.;  lead,  from  60  to  70;  insoluble, 
from  8  to  12;  iron,  0.5;  lime,  from  2  to  3;  and  sulphur,  from 
5  to  8  per  cent. 

The  camps  that  have  been  producing  during  the  last  20  years 
are  the  Todos  Santos,  Moctezuma,  and  El  Palmar.  The  other 
mines  farther  east  have  been  operated  but  little.  On  all  the 
properties,  the  workings  are  comparatively  shallow,  the  shafts 
ranging  from  40  to  125  m.  deep. 

The  lower  limestone  has  never  been  explored  by  any  of  the 
companies,  owing  principally  to  the  depth  necessary  to  under- 
take the  work. 

The  miners  have  contented  themselves  in  working  along 
under  the  slate  at  small  depths,  although  in  this  lower  limestone 
there  is  a  probability  of  encountering  large  deposits  of  ore 
along  the  fractures. 
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Gold-Mines  in  Southern  Colombia. 

•RTUNATO  PEREIRA  QAMBA,   TUQUERRES,   COLOMBIA,   8.    A. 

(San  Francisco  Meeting,  October,  1911.) 

L  General  Description. 

jpartment  of  Narino  (formerly  included  in  the  De- 
of  Cauca)  is  a  narrow  band  about  170  km.  (100 
le  in  the  southern  part  of  the  Republic  of  Colombia, 


-Sketch-Map  op  the  Southwestern  Part  of  Colombia. 

boundary  of  Ecuador,  as  shown  in  the  sketch-map, 
bs  capital  is  Pasto,  a  small  city  of  25,000  inhabitants; 
ml  towns  are  Tuquerres,  Cumbal,  Ypiales,  Barbacoas, 
ico.  The  port  on  the  Pacific  ocean  is  Tumaco,  and 
he  interior  is  carried  partly  on  the  Patia  river  (steam 
I  to  the  fluvial  port  of  Barbacoas),  and  afterwards 
over  poor  roads  by  human  bearers  or  on  mule-back. 
[1] 
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The  weight  of  packages  is  usually  limited  to  100  kg.,  and 
the  freight-cost  for  heavy  pieces  is  enormous. 

The  climate  is  tropical :  warm  in  the  lowlands  and  cold  in  the 
highlands;  the  variation  in  temperature  being  about  1°  C.  for 
every  160  m.  difference  of  level.  The  plateau  and  highlands 
are  very  healthy. 

Unskilled  labor  at  the  mines  is  principally  furnished  by  In- 
dians, and  is  first  rate;  moreover,  these  Indians  and  the 
mestizos,  once  taught,  are  excellent  miners. 

The  wages  are  from  $0.50  to  $1.50  and  board  (costing  $0,50) 
per  man  per  day,  reckoned  in  silver  at  about  $2.50  per  $1 
American  currency.  But  both  wages  and  the  cost  of  food  vary 
with  the  locality,  climate,  distance  from  sources  of  supply,  etc. 

Vein-mining  is  of  very  recent  date  here.  There  is  no  tradi- 
tion of  its  existence  in  Spanish  times.  On  the  contrary,  the 
alluvial  deposits  on  the  coast  (Barbacoas,  Mayasquer,  Sanabria, 
etc.)  were  vigorously  exploited,  and  yielded  much  gold.  These 
alluvial  deposits  are  very  productive  just  now,  being  worked 
unsystematically  by  scattered  parties  of  negroes. 

The  predominance  of  eruptives  is  the  most  remarkable  fea- 
ture of  the  geology  of  the  country;  the  sedimentaries  are,  in 
most  places,  yet  undiscovered.  The  most  common  among  the 
eruptives  are  andesites  and  basalt-like  andesites ;  these  greatly 
interfering  with  the  metalliferous  deposits.  Besides  the  vol- 
canic rocks,  igneous  rocks  of  the  granite  type  are  very  common. 

All  mining-operations  here  have  gold  as  an  object.  Copper- 
deposits  have  been  found;  but  no  attention  is  paid  to  them. 
Mining  in  Southern  Colombia  is  still  in  the  prospecting  stage. 
Not  a  single  mine  is  sufficiently  worked  or  developed  to  furnish 
thorough  information ;  but  the  industry  is  growing  rapidly  in 
importance. 

II.  The  Gold-Belt. 

The  gold-bearing  zone  has  been  explored  for  a  length  of  50 
km.  (30  miles)  in  a  general  N-S.  direction  between  the  districts 
of  Mallama  and  Samaniago,  the  southern  part  being  Mallama. 
It  lies  on  the  west  side  or  Pacific  slope  of  the  western  Cordil- 
lera of  the  Colombian  Andes.  Fig.  2  is  a  sketch-map  of  the 
Mallama  and  Samaniago  districts. 

It  is  my  belief  that  most  of  the  mines  of  this  belt  have  had  a 
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i  origin,  and  there  is  complete  evidence  that  they  have 
med  by  descending  waters.  In  some  of  the  mines  the 
of  formation  can  be  observed.  The  differences  which 
lalize  the  mines  must  be  ascribed  to  the  country-rock 
the  presence  in  it  of  certain  minerals  (e.g.,  manganese- 
^he  hypothesis  of  expiring  volcanism  (of  Spurr,  if  I  am 
taken)  receives  complete  confirmation  here. 


illama  District. 

1.  Alaska. 

2.  Porvenir  Group. 

3.  Alegpria. 

4.  8.  Pablo. 

5.  Bombona  Group, 

6.  GualcaU  Group. 

7.  Villas  Group. 


MINING-CLAIMS. 

Samaniago  District. 

8.  Redencion. 

9.  Bocio  Group. 

10.  Concordia. 

11.  Socorro. 

12.  Madrono. 

13.  Selva. 

14.  Canillera  Group. 


.— Skitch-Map  op  the  Mallama  and  Samaniago  Districts, 
Colombia. 

extinct  volcanoes,  whose  craters  are  still  traceable  on 
und,  are  one  of  the  most  striking  features  of  the  belt, 
probability  these  volcanoes  were  active  at  a  period  not 
1  the  present.  The  eruptive  waters,  carrying  the  min- 
B,  ran  upon  the  surface  of  the  ground,  soaking  and  im- 
ing  the  country-rock,  and  at  the  same  time  filling  the 
J  and  joint-planes  of  the  formation.  Such  is,  in  syn- 
the  most  plausible  hypothesis  to   explain  the  special 

[3] 


+ 


E 


Digitized  by 


Google 


856  OOLD-MIN£S    IN    SOUTHERN    COLOMBIA. 

character  of  the  majority  of  the  deposits  of  the  belt  from  Mal- 
lama  to  Samaniago,  and  other  very  similar  deposits  in  this 
country. 

In  general,  the  mines  of  the  belt  present  two  types  of  ore- 
deposits  :  1,  the  manioSy  that  is,  the  impregnated  rocks  trans- 
formed into  an  earthy  (saprolitic)  material ;  and  2,  the  veins, 
more  or  less  regular  in  formation. 

According  to  their  mineralization,  these  deposits  can  be  di- 
vided into  two  groups  corresponding  also,  in  a  certain  measure, 
with  their  geographical  position :  (A)  The  Mallama  (southern) 
group  of  pyritic  ores ;  and  (B)  the  Samaniago  (northern)  group 
of  free-milling  ores. 

In  all  the  veins  the  gangue  is  quartz ;  among  the  sulphides 
mispickel  predominates,  and  afterwards  common  pyrite ;  then 
blende,  chalcopyrite,  and  galena  in  very  small  quantities,  and 
the  telluride  of  gold  rarely.  (Some  deposits  in  the  granitic 
rocks  characterized  by  the  presence  of  molybdenum-ores  belong 
certainly  to  another  order  of  formation,  but  there  are  not  suffi- 
cient data  for  a  detailed  description.  A  superposition  of  the 
two  is  observed  in  certain  localities). 

The  southern  end  of  the  zone  is  occupied  by  granites,  sye- 
nites, and  monzonites,  one  rock  passing  into  the  other,  but 
with  predominance  of  the  syenitic  type.  I  will  call  the  whole 
series  granites.  All  these  rocks  are  highly  hornblendic,  very 
frequently  porphyritic  in  structure  and  rich  in  zircon. 

This  granitic  formation  has  been  covered  in  great  areas  by 
greenstones  (augite-andesite,  which  I  have  called  prophylite  in 
ray  Spanish  writings  about  this  metalliferous  zone),  ejected 
from  many  of  the  volcanoes  now  extinct.  These  basalt-like 
andesites  form  many  varieties  within  a  common  type;  and  to 
them  I  ascribe  the  origin  of  the  ore-deposits. 

In  the  northern  part  of  the  zone  clay-schists  (lying,  as  we 
may  conjecture,  on  the  granites)  are  the  country-rock  on  the 
top  of  the  hills,  passing  into  slate  at  the  base.  Dikes  of  light- 
colored  andesites,  entirely  kaolinized,  can  also  be  observed. 

Complete  geological  information  cannot  yet  be  obtained, 
since  the  country  is  quite  unexplored,  and  covered  with  woods ; 
but  what  I  have  already  said  may  serve  to  give  an  idea  about 
the  most  important  points. 

[4] 
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pographically,  this  belt  is  the  most  distorted,  broken, 
lilly  country  in  the  world. 

IIL  The  Mines. 
^e  than  2,500  claims  have  been  located  in  this  zone ;  but 
few  of  the  mines  are  equipped  or  even  explored.  The  min- 
kw  in  Colombia  does  not  compel  the  miner  to  perform 
illy  any  given  amount  of  work  on  his  claim.  To  hold  the 
irty,  it  is  enough  to  pay  (very  moderate)  taxes ;  and,  there- 
a  great  deal  of  the  mineral  land  is  owned  by  people  who 
>t  work  the  mines,  and  the  underground  richness  is  prac- 
Y  as  non-existent. 

The  Mallavia  Region, 
this  region  two  groups  of  mines  are  worth  describing : 
The  Porvenir  Mines. — These  deposits  occur  at  the  contact 
Jen  granites  and  greenstones,  Fig.  8,  occupying  a  very 
iar  formation  of  veinletrf  in  the  granite  country-rock,  and 
ng  a  workable  mass  of  ore  about  80  m.  (100  ft.)  wide, 
iverage  tenor  of  gold  is  $9  American  to  the  ton.  All  ore- 
s  will  be  given  in  United  States  currency.  There  are  also 
w  veins  near  the  contact  running  into  the  eruptive ;  these 
jers  are  highly  pyritic  and  rich.  The  sulphides  are  prin- 
y  mispickel  and  pyrite  intermixed,  and  associated  with 
quantities  of  blende,  chalcopyrite,  galena,  and  tellurides. 
e  pyritic  ore  frequently  assays  $238,  and  the  average  of 
e  vein-stuff  $47  to  the  ton.  These  values  are  principally 
Id  (about  30  per  cent,  being  silver). 

e  Porvenir  claims  are  the  highest  in  the  belt,  the  upper- 
workings  being  3,400  m.  (11,300  ft.)  above  tide-level, 
jlimate  is  very  cold,  and  healthy.  As  the  claims  cover  a 
territory  and  the  slope  of  the  Cordillera  is  very  steep,  there 
rithin  a  short  distance  lowlands  with  very  agreeable  cli- 
and  well  provided  with  timber  and  water-power, 
e  property  has  been  explored  a  little  under  my  direction, 
,  small  plant  (three-stamp  mill  and  concentrator,  made  by 
.  Krupp)  is  now  under  erection.  The  intention  is  to 
de  on  a  very  small  scale,  after  roasting  the  rich  pyrites 
concentrates. 
'  laboratory  experience  in  cyaniding    these  ores  was  as 
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follows:  After  crushing  to  60-me8h,  I  extracted  from  crude 
unroasted  pulp  80  per  cent,  of  the  gold  contained  in  material 
assaying  $9  per  ton,  and  50  per  cent,  from  $240  stuff.  From 
the  latter,  after  roasting,  I  extracted  95  per  cent. 

The  free  gold  in  these  mines  is  limited  to  the  outcrops  and 
saprolitic  ores ;  but  I  think  experience  with  the  stamp-mill  will 
prove  that  there  is  a  great  deal  of  it  in  the  pyrites  of  secondary 
enrichment,  though  no  important  amount  of  "  colors  "  can  be 
obtained  from  them  by  panning. 


Fig.  3. — The  Porvknir  Mine. 

The  general  direction  of  the  system  of  parallel  veins  and 
veinlets  is  E-W.,  and  the  dip  N.  from  50°  to  60°.  The  thick- 
ness of  the  veins  is  very  variable,  they  being  lenticular  masses, 
but  an  average  of  0.50  m.  (1.5  ft.)  can  be  established,  maybe 
something  more.  Qreat  irregularities  are  to  be  noted,  both  in 
formation  and  in  mineralization. 

This  property  is  one  of  the  most  interesting  in  the  region, 
and  when  more  fully  explored  will  throw  great  light  on  the 
study  of  the  genesis  of  the  ores.  Its  formation  depends  imme- 
diately on  the  extinct  volcano  of  Hualcald,  the  crater  of  which 
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L  the  boundaries  of  the  property.  (Following  the  luca 
phy  this  name  is  written  with  H,  but  the  official  name 

5  Gualcald  Mines. — Very  near  the  Porvenir  group,  Fig. 
t  a  lower  altitude  (2,700  m.),  an  American  company 
'ery  important  group  of  mines,  and  has  erected  an  up- 
ll-sliming  cyanide-plant.  Col.  R.  A.  Linton,  an  Amer- 
ineer,  is  in  charge  of  the  enterprise. 


O  Axufral 


Sketch-Map  Showing  the  Position  op  the  Porvenir  and  the 
GuALCALA  Mines. 

roperty  is  a  system  of  parallel  lodes,  some  of  them  very 
ned  and  regular  in  formation.  The  Bombona  vein  has 
st  explored,  and  is  somewhat  extensively  developed  in 
rels.  It  is  a  clearly-defined  fissure-vein  of  an  average 
s  of  1  m.,  with  a  gangue  of  white  quartz  and  shoots  of 
metal " — a  complex  of  mispickel,  galena,  blende,  and 
7ery  rich  both  in  gold  and  silver.  I  imagine  that  the 
value  of  the  whole  of  the  vein-stuft'  may  be  $30  a  ton ; 
J,  very  high  assays  are  obtainable, 
vall-rock  is  monzonite  (which  has  been  called  also 
iorite) ;  at  the  top  of  the  hill  greenstones  are  found, 
possible  that  the  same  formation  as  at  Porvenir  exists 
The  GualcaU  Mines  Co.  has  the  merit  of  being  the  first 
luce  the  most  modern  methods  of  metallurgical  treat- 
to  southern  Colombia. 
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The  mineral  deposits  of  this  part  of  the  belt  are  subordinated 
to  the  extinct  volcano  of  Hualcald  (GualcaU).  This  crater, 
doubtless,  was  the  most  important  in  this  part  of  the  country ; 
its  ejections  covered  immense  areas,  and  the  crater  itself,  as  it 
is  traceable  on  the  ground,  is  of  enormous  dimensions.  Some 
of  the  remains  of  its  walls  form  the  very  picturesque  obelisk- 
like Pico  do  Gudkald, 

The  volcanic  breccia  covers  almost  all  the  surface  of  the  ter- 
ritory. This  material  acted  as  a  filter  for  the  mineralizing 
waters.  It  is  observable  that  this  breccia  is  something  like 
"the  mother"  (madre)  of  the  ore-deposits.  In  the  Porvenir 
mines,  for  instance,  it  is  easy  to  see  the  veinlets  formed  by  the 
percolation  of  the  materials  of  the  vein  through  this  breccia  or 
madre. 

The  Samaniago  Region. 

This  region  attracts  attention  especially  by  its  free-milling 
ores,  which  are  historically  and  economically  worthy  of  interest, 
as  comprising  the  first  worked  and  the  now  productive  deposits 
of  this  part  of  the  Republic. 

I  shall  limit  my  description  to  a  few  of  the  ore-deposits  now 
operated,  especially  the  Concordia  mine,  which  was  the  pio- 
neer enterprise.  Being  now  consulting  engineer  of  this  prop- 
erty and  all  its  neighbor  mines,  I  am  able  to  furnish  trustworthy 
information  concerning  them. 

1.  The  Concordia  Mine. — The  country-rock  is  a  clay-schist, 
altered,  on  the  top  of  the  hills,  passing  into  "  writing-slate  " 
at  the  base  of  the  formation. 

The  valuable  mineral  deposits  are  confined  to  the  upper 
part ;  the  more  saprolitized  the  schists  the  better.  These  clay- 
schists,  in  the  "  good  places,"  are  something  like  natural  brick. 

The  two  kinds  of  deposits  already  mentioned,  mantos  and 
veins,  are  very  distinguishable  here.  The  values  in  the  first 
are  somewhat  erratic ;  but  the  whole  mass  contains  gold  from 
$0.66  per  ton  to  very  high  grades. 

The  veins  are  very  peculiar :  not  sharply  defined ;  very 
irregular  in  thickness;  sinuous  in  trend,  and  generally  low  in 
sulphides.  The  principal  lode  is  a  flat  vein,  reinforced  by 
numberless  feeders  going  from  the  mantos  to  the  vein. 

In  the  rich  spots  the  quartz  is  smashed  as  if  it  had  passed 
through  a  crusher;  and,  in  general,  the  gold  is  loose,  not  ad- 
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)o  the  gangue — a  feature  peculiar  to  these  ores,  in  which  ^ 

y  rare  to  find  specimens  of  quartz  showing  gold,  even 
extracted  from  places  as  rich  in  free  gold  as  from  $600 
per  ton. 

batea  is  in  this  locality  the  most  useful  assay-outfit  for 
ning  rapidly  the  quality  of  the  ore,  specially  for  the 
naaterial  of  the  mantos.  With  some  practice,  it  is  very 
y  the  aid   of  this  apparatus,  to  ascertain  the  values 

ably  the  veins  here  belong  to  a  compound  system 
by  a  principal,  much  distorted,  flat  vein  with  feeders 
ystem  of  secondary  parallel  veins.  Many  of  these  had 
rmed  before  the  time  of  the  ore-forming  eruption,  and 
of  them  were  enriched  by  that  agency.  This  explains 
art  of  the  irregularities  observed  in  the  distribution  of 
les,  and  the  existence  of  numberless  quartz  lodes  prac- 
t)arren. 

rule,  the  paying  veins  are  narrow,  from  0.30  m.  to  0.60 
).  to  2  ft.)  thick;  commonly  ribboned,  but  most  gener- 
lashed;  charged  with  manganese  oxides,  and  with  a 
a  sulphides  of  from  1  to  2  per  cent.  The  big  lumps  of 
lartz  are  of  very  low  grade ;  the  same  remark  must  be 
to  the  big  lodes. 

ng  the  sulphides  mispickel  predominates,  together  with  •   ; 

lack  metal."  The  tellurides,  though  not  yet  isolated, 
sen  recognized  by  their  reactions  and  are  common  in 
her  ore.     The   "  headings "   from  concentration    show  , 

riable  assays,  from  $600  to  $2,400  per  ton.  The  bullion 
js  780  in  fineness.  i 

mine  has  been  badly  "  picked  "  in  past  years  by  min- 
y  the  rich  vein-outcrops  and  the  richer  part  of  the  man- 
ardless  of  future  development.  The  average  value  of 
res  in  the  past  was  from  $30  to  $50  per  ton  in  free  gold, 
e  situation  is  changed,  and  the  mine  must  be  worked  and  ^ 

treated  by  scientific  process ;  but  the  property  still  holds 
e  as  a  very  rich  and  profitable  one. 
metallurgical  plant  has  been  the  crudest  that  could  be 
bd :  wooden  native  mills  and  silvered  copper  plates,  with- 
y  attempt  at  concentration  or  provision  for  further 
y  save  a  very  perfect  storage  of  the  tailings.    At  present  i 
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a  5-ft.  Huntington  and  a  lO-stamp  mill,  made  by  Fraser  & 
Chalmers,  England,  are  under  erection.  The  property  will 
probably  pass  into  the  control  of  the  American  '*  Qualcald 
Mines  Co." 

The  location  of  the  Concordia,  Transval  and  Socorro  mines  is 
illustrated  in  Fig.  5. 

2.  The  Socorro  Mine. — In  general  features,  this  resembles 
the  Concordia;  but  the  deposit  has  been  worked  more  syste- 
matically, principally  by  open  quarrying,  with  little  under- 
ground mining. 


Fio.  5. — Sketch-Map  Showing  the  Position  of  the  Concordia,  the 
Transval,  and  the  Socorro  Mines. 


The  manto  formation  predominates  here.  The  ores  are  very 
clayey;  manganese  is  not  so  common;  and  no  remarkable 
amount  of  tellurides  is  present;  and  besides  these  differences 
from  the  Concordia  mine,  there  is  a  greater  parallelism  and 
regularity  of  the  general  trend  of  the  veins,  which  is  very 
constantly  E-W. 

The  proportion  of  concentrates  from  the  milled  ore  is  0.3 
per  cent.,  of  an  almost  constant  value  of  1  kg.  of  gold  ($667) 
per  ton.  This  low  tenor  in  concentrates  depends  on  the  fact 
that  the  greater  part  of  the  milled  ore  is  saprolite  and  shaly 
material  from  the  mantos. 

The  quartz  veins  are  narrow  (maximum  thickness,  0.40  m.  = 
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►eautifully  ribboned,  and  not  so  crushed  as  in  Concor- 
ey  carry  about  4  per  cent,  in  sulphides, 
letallurgical  plant  is  a  native  mill. 
j)en-cast  workings  of  this  mine  are  highly  interesting 
jtudy  of  the  geology  of  the  ore-deposit,  Fig.  6.  The 
out  80  ra.  high  from  the  level  of  the  creek,  and  follows 
of  the  vein.  The  schist  of  the  wall-rock  is  hard  and 
I  the  dip  from  60°  to  70°  E. 


w-^ 


-^E 


1.  Quartz. 

2.  Ocherous  material.     Very  rich.   1    Manto 

3.  Saprolite.  f 

4.  Claj-Schist 
6.  SoiL 

6. — Gold-Bearino  Formation  at  Open-Cast  Workings  in 
Socorro  Mine. 

ork  is  easy  and  cheap,  and  the  cut  goes  on  the  strike, 
J  the  bed-rock,  with  a  width  of  about  15  m.  Almost 
tuff  pays  for  milling;  the  richest  part  is  an  ocher- 
erial  in  the  quartz  vein.  The  bed-rock  is  a  little 
"  in  its  dip,  and  on  the  "  steps  "  are  always  found  rich 
As  in  the  Concordia,  all  the  gold  is  loose  in  the  gangue. 
r  TVansval  Mine. — This  mine  is  located  in  the  ridge 
Concordia  and  Socorro.  It  is  only  a  prospect,  fitted 
1  the  beginning  with  an  Allis-Chalmers  five-stamp 
[11] 
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mill  of  the  type  having  850-lb.  stamps.  The  idea  of  the  pro- 
moters of  the  enterprise  was,  that  if  the  two  adjacent  proper- 
ties, Socorro  and  Concordia,  were  so  good,  the  land  between 
them  should  be  also  very  rich.  Experience  has  not  yet  cor- 
roborated this  presumption,  and,  though  well  equipped,  the  mine 
is  not  in  paying  condition. 

The  system  of  veins  in  the  Transval  is  well  defined  and  par- 
allel with  the  Socorro  system ;  but  the  ore  is  very  low  in  free 
gold,  and  the  pyrites  are  also  poor,  which  is  very  remarkable  in 
this  locality. 

It  may  be  that  ftiture  explorations  under  my  direction  will 
prove  the  existence  of  rich  ore  like  that  of  the  neighboring 
mines ;  but  for  the  present  only  very  sound  metallurgy  can 
make  things  right. 

4.  The  Madrono  Mine, — Down  in  the  direction  of  Rio  Crista!, 
the  slate  formation  gives  place  to  the  granites  at  about  6  km. 
(3  miles)  from  Concordia.  In  this  country-rock  many  mines 
have  been  worked,  with  not  very  favorable  results.  The  most 
fully  explored  of  them  is  the  Madrono. 

The  deposit  is  more  like  a  stock-work  than  a  system  of  veins. 
The  granites  are  altered  to  a  great  depth,  not  only  by  weather- 
ing, but  also  by  dynamic  action,  and  are  crossed  by  veins  and 
veinlets  which  in  places  reunite  in  knots,  forming  great  bunches 
of  ore. 

The  quartz  is  sugary  in-  texture  and  the  gold  is  adherent  to 
the  gangue.  The  distribution  of  the  pay-shoots  is  very  erratic ; 
as  in  all  the  gold-formations  here,  the  country-rock  contains 
values — generally  very  small,  but,  in  the  vicinity  of  rich  pockets, 
in  paying  amount. 

Beautiful  specimens  of  native  gold  (foliations,  plates,  den- 
drites, etc.)  have  been  found  occasionally  in  this  mine. 

With  the  exception  of  the  Transval,  all  the  mines  are  pro- 
vided with  native  mills,  and  the  ores  are  handled  and  milled 
in  the  crudest  fashion.  All  transportation  has  been  performed 
heretofore  on  men's  backs,  etc.  I  have  now  erected  some 
cable-lines  at  Concordia  and  rail-lines  in  Socorro  and  Transval, 
which  entirely  change  the  transportation  feature  in  the  economy 
of  the  undertakings;  but  the  most  important  reforms  in 
method  remain  to  be  effected,  viz. : 
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B  transportation  of  the  mantos  (earthy  ores)  by  means 

in  sluices  or,  better,  in  pipes, 
iliminary  washing  in  trommels  (fine  screening)  of  the 

immediate  recovery  of  the  fine  loose  gold  on  plates, 
draulic    exploitation   of  a  great  part  of  the  deposits 

icentration  of  the  trommel-  and  mill-tailings  and  final 
of  the  concentrates-values  by  cyaniding  or  by  exporta- 
\ie  high-grade  concentrates. 

IV.  Conclusions. 
7  observations  are  suggested  by  the  foregoing  state- 

i  a  rule,  the  big  quartz  lodes  are  almost  barren  (say  $2 
r  ton)  in  free  gold. 

jry  frequently  the  big  veins  are  accompanied  by  feeders 
ere  aqujds)^  which  are  generally  rich, 
le  richest  parts  of  these  deposits  are  the  narrow,  not 
aed,  veinlets,  much  like  lenticular  masses. 
3r  NE.  of  the  group  of  mines  I  have  hastily  described^ 
«pects  are  attracting  considerable  attention;  small 
lills  have  been  erected ;  and  the  exploitation  of  rich 
\  giving  fair  results. 

liscovery  of  permanent  gold-bearing  formations,  the 
of  the  outcrops,  and  principally  the  mantos  with  their 
inary  facilities  for  cheap  working,  warrant  the  expecta- 
t  a  very  important  future  is  reserved  for  these  metal- 
zones  of  southern  Colombia. 
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urrence  of  Silver-,  Copper-,  and  Lead-Ores  at  the 
I  Rica  Mine,  Sierra  Mojada,  Coahuila,  Mexico. 

BT  FRANK  R.   VAN   HORN,   CLEVELAND,   OHIO. 

(New  York  Meeting.  February,  1912.) 

I.  Introduction. 

summer  of  1908,  R.  B.  Cochran,  Superintendent 
/ompania  Metalurgica  Mexicana  at  Sierra  Mojada, 
)re8ented  to  the  Department  of  Geology  and  Miner- 
Sase  School  of  Applied  Science  an  interesting  series 
,  copper-,  and  lead-ores  from  the  Veta  Rica  mine. 
58  contained  several  interesting  minerals  which  were 
1  in  a  somewhat  peculiar  manner,  so  that  I  was  im- 
make  a  closer  study  of  their  occurrence.     The  inves-  . 

has  brought  out  several  new  facts  concerning  the 
>f  the  district  and  the  geological  occurrence  of  the  \ 

therefore  has  seemed  worthy  of  record.  Two  papers 
i  published  previously  about  the  region,  one  by  Chism*  [ 

md  the  other  by  Malcolmson*  in  1902.    These  articles,  i 

treat  of  the  district  more  from  the  stand-point  of  the 
;ist  and  mining  engineer,  and  not  much  attention  is 

0  its  mineralogy  and  economic  geology. 

I.  Geographical  Location  of  the  District. 

erra  Mojada  is  situated  in  the  extreme  western  part  of 

1  of  Coahuila,  near  the  Chihuahua  boundary.  It  is 
>est  via  the  Mexican  Central  railroad  from  El  Paso, 
Cscalon,  Chihuahua,  a  distance  of  494  miles.  From 
t,  a  branch  line,  the  Mexican  Northern  railroad,  runs 

in  a  NE.  direction  to  the  mines,  which  are  its  northern  1 

The  railroad  was  built  about  1890,  practically  on  \ 

)f  the  Sierra  Mojada  mining-district.  ! 

[ojada,  Mexico,  by  Bichard  £.  ChiBin,  Trans,,  zy.,  542  (1886-87). 

lira  Mojada,  Coahuila,  Mexico,  and  Its  Ore-Deposits,  by  James  W.  * 

,  Tram.,  xxxiL,  100  (1901).  • 
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III.  Climate  and  Topography. 

The  region  is  an  arid  one,  and  therefore  the  supply  of  water 
is  small.  The  rainy  period  may  occur  between  the  middle  of 
May  and  the  middle  of  July,  but  during  some  seasons  there  is 
practically  no  rain.  Two  springs  are  known,  and  productive 
wells  may  be  obtained  by  deep  borings;  but  it  has  been  found 
more  economical  and  satisfactory  to  ship  water  in  from  points 
beyond  Escalon  on  the  Mexican  Central  railroad.  The  timber 
for  mining  purposes  is  also  obtained  elsewhere.  On  account 
of  the  conditions  just  mentioned,  the  region  surrounding  Sierra 
Mojada  is  an  uninhabited  desert. 

Sierra  Mojada  is  the  name  of  a  town  as  well  as  of  a  range  of 
mountains  or  hills.  The  town  lies  in  a  valley  from  2  to  3  miles 
wide  N-S.  and  about  12  miles  long  in  an  E-W.  direction. 
The  altitude  is  about  4,800  ft,  and  the  valley  is  bounded  on 
the  north  by  hills  known  as  the  Sierra  Planchada.  The  south- 
ern boundary  consists  of  the  Sierra  Mojada  mountains,  which 
rise  more  than  2,000  ft.  above  the  valley.  These  mountains^ 
which  possibly  more  properly  should  be  called  hills,  rise  grad- 
ually out  of  the  valley  with  the  exception  of  the  last  third  of 
their  height,  which  ends  in  a  steep  cliff  of  about  600  ft.  This 
precipice  is  found  for  a  distance  of  3  miles  in  the  highest 
portion  of  the  Sierra,  and  dies  down  into  rounded  hills  on  the 
east  and  west. 

IV.  Local  Geology. 

The  rocks  which  outcrop  in  the  region  are  limestone  and 
conglomerates,  while  underground  workings  show  the  presence 
of  a  so-called  breccia. 

1.  Limestone. — The  rocks  which  form  the  Sierra  and  consti- 
tute the  chief  underlying  mass  of  the  district  are  somewhat 
dense  grayish-blue  magnesian  limestones  of  Cretaceous  age. 
Thin  sections  show  a  general  similarity  to  the  Palaeozoic  lime- 
stones of  the  central  and  eastern  United  States.  They  are 
often  stained  yellow  and  red  by  iron  oxide.  According  to 
Chism,  these  rocks  dip  about  35°  S.,  but  in  places  they  stand 
nearly  vertical. 

2.  Conglomerate. — In  the  bottom  of  the  valley,  a  limestone 
conglomerate  is  found  which  is  clearly  the  result  of  the  disin- 
tegration of  the  limestone  cliffs  of  the  Sierra.     The  cement  of 
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nglomerate  is  chiefly  calcium  carbonate.     In  the  Veta 

entral  shaft,  the  rock  has  a  thickness  of  30  m.     It  is 

ically  called  "  wash,"  and  was  called   "  alluvium  "   by  ^ 

;  but  Malcolmson  says  that  in  at  least  three  places  this  « 

merate  has  resting  upon  it  a  still  younger  Cretaceous  ,  ^jj 

)ne,  which,  in  one  locality,  on  a  mesa  known   as  La  ^' 

,  is  100  ft.  thick.     This  proves  that  the  valley  was  formed  f 

taceous  time,  and  depressed  beneath  the  sea  during  the 

period.     The  first  discovery  of  silver-lead  ore  in  1878 

ide,  and  the  first  claim  was  located,  in  the  conglomerate 

Blanca  mesa.    This  seems  to  indicate  that  the  ores  were 

ied  in  the  older  limestone  prior  to  the  submergence  and 

ion  of  the  younger  limestone.     These  two  periods  of 

ion  with  the  intervening  long  erosion-period  seem  to 

K)nd  to  the  great  unconformity  between  Lower  Cretace- 

jmanche)  and  Upper  Cretaceous  in  the  Southwest. 

breccia, — Mine-workings  show  that,  between  the  calcare- 

iglomerate  and  the  older  limestone,  there  is  a  reddish- 

ranular  rock  which  is  called  locally  conglomerate,  but 

Malcolmson  calls  a  porphyritic  breccia.     This  rock  has 

:ne8s  of  106  m.  in  the  Veta  Rica  central  shaft.     I  had  at 

iposal  only  a  drill-core  about  5  in.  long,  a  thin  section 

rhich  showed  a  somewhat  clastic  appearance.     There  is 

fc  deal  of  granular  quartz  present,  which  is  in  places 

7  rounded,  and  has  at  times  been  added  to  by  a  deposi- 
quartz  having  the  same  extinction  as  the  original  grain. 

)f  the  quartz  is  also  angular,  and  shows  the  conchoidal 

e.     Other  grains  consist  of  badly- decomposed  feldspar 

mtly  orthoclase)  which  is  filled  with  dark  spots,  giving  a  I 

oikilitic  appearance,  probably  due  to  later  impregnation 

on  oxides.    Several  Carlsbad  twins  were  observed.    Still 

^ains  resemble  the  microgranitic  ground-mass  of  vol- 

ocks.     A  few  grains  of  a  mineral  resembling  magnetite 

one  decomposed  ferro-magnesian  mineral  are  present  in 

mounts,  as  is  also  calcite.     A  faint  reddish  stain  of  iron  i 

8  present  in  most  of  the  grains  with  the  exception  of  I ' 

The  rock  had  two  semi-angular  inclusions  within  the  I 

)f  the  drill-core.     One  was  reddish  brown,  and  the  other  | ' 

irplish  red.     Both  were  very,  fine-grained  and  massive,  i 

ling  volcanic  igneous  rocks.     I  am  unable  to  say  how  I  ^ 

[3]  \,     . 
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frequent  these  inclusions  are,  but  if  there  were  many,  the  rock 
as  a  whole  would  have  a  distinctly  brecciated  appearance.  To 
my  mind,  the  chief  rock  which  makes  up  the  drill-core  is 
decidedly  similar  to  a  rhyolite  tuff,  and  I  am  not  absolutely 
certain  that  it  could  not  be  a  very  much  decomposed  rhyolite 
with  inclusions.  The  rock  is  too  badly  decomposed,  and  other 
data  are  insufficient,  for  accurate  determination ;  but  it  is  de- 
serving of  further  study.  This  rock  is  fairly  impermeable, 
and  wells  are  sunk  into  it  through  the  conglomerate  in  order 
to  obtain  water.  It  rarely,  if  ever,  outcrops  at  the  surface,  and 
its  contact  with  the  underlying  limestone  has  generally  a  steep 
dip,  although  in  places  it  becomes  nearly  horizontal.  Slicken- 
sides  are  found  near  the  contact  in  both  breccia  and  limestone, 
and  the  limestone  below  the  contact  is  considerably  broken. 
The  plane  of  the  contact  dips  northward  away  from  the  moun- 
tains, and  the  ores  are  found  either  on  the  contact  between 
limestone  and  breccia  or  in  the  limestone  below  the  contact. 

The  formation  of  the  present  valley,  as  exj>lained  by  Chism, 
is  due  to  the  erosion  of  an  anticlinal  fold.  His  principal  rea- 
son for  this  conclusion  seems  to  be,  that  the  limestones  of  the 
Sierra  Mojada  dip  southward  35°,  while  the  rocks  of  the  Sierra 
Panchada  have  a  northward  dip  of  from  25°  to  80°.  The  un- 
derground workings  show  nothing  of  this  anticline,  and,  at  the 
time  of  Chism's  visit,  the  breccia  was  not  recognized.  Mal- 
colmson  accepts  Chism's  explanation,  but  observes  that  the 
folding  was  not  so  simple,  because  in  places,  notably  above  the 
San  Jose  mine,  the  limestones  were  bent  nearly  vertical,  or 
almost  at  right  angles  to  their  normal  dip.  He  says,  "  it  is 
evident  that  faulting  and  dislocation  of  the  strata  have  also 
taken  place  to  some  extent,"  and  contents  himself  with  that 
statement,  although  otherwise  he  agrees  with  Chism.  Em- 
mons,^ in  a  discussion  of  Malcolmson's  paper,  suggests  that 
similar  structures  might  also  be  produced  by  faulting.  My  ob- 
servations all  point  towards  the  latter  conclusion,  and  it  seems 
more  probable  that  the  valley  was  formed  by  faulting,  and  that 
the  breccia  is  part  of  a  fault-block  originally  formed  at  the  sur- 
face some  distance  away.  The  breccia  was  later  covered  by 
the  conglomerate   and  younger  Cretaceous  limestone.      Evi- 

'  Discussion  of  Paper  of  James  W.  MalcolmsoD,  bj  S.  F.  EmmoiiB,   2Vaiu., 
xxxii.,  566(1901). 
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pointing  to  this  origin  are  the  slickensides  in  both 
and  limestone,  and  the  &ct  that  the  limestone  for  some 
e  from  the  contact  was  considerably  fractured  and  later 
pregnated  with  ore.  It  is  also  thought  that  the  limestone 
present  the  fault  scarp  which  has  suffered  but  little  ero- 
ice  the  dislocation.  The  plane  of  contact  between  brec- 
l  limestone  is  generally  steep,  although  in  some  places  it 
5S  quite  flat,  and  also  at  times  is  curved,  or  "rolls," 
8  not  true  of  fault-planes  in  general.  This,  in  my  opinion, 
greatest  objection  to  the  theory  of  faulting.  Some  varia- 
dip  might  be  accounted  for  by  cross-faulting,  which  has 
>und  at  least  once  on  the  Veta  Rica  property,  with  a 
^{  40  feet. 

e  is  a  third  theory  which  is  not  absolutely  impossible, 
ion  has  been  called  to  the  fact  that  the  breccia  has 
irable  resemblance  to  a  decomposed  rhyolite  or  rhyo- 
r.  Either  of  these  might  have  come  to  rest  upon  an 
limestone  surface,  which  might  account  for  a  varying 
f  the  contact-plane.  In  this  case,  the  valley  would  have 
►rmed  by  erosion,  but  not  of  an  anticline.  Not  enough 
je  is  known  by  any  one  to  warrant  a  satisfactory  con- 
concerning  the  origin  of  the  breccia,  and,  in  my  opinion, 
urate  investigation  of  the  rock  in  place  is  needed  to 
light  on  its  true  character.  This  in  turn  will  do  much 
s  explaining  the  origin  of  the  valley,  as  well  as  that  of 
s. 

ngs  on  the  Vulcano  and  El  Acaso  claims,  north  of  the 
lica,  show  that  a  rock  called  locally  "  sandstone "  or 
zite  "  is  encountered  below  the  limestone  at  a  depth  of 
i  346  m.  respectively  on  the  two  claims.  Underneath 
ck,  a  "  slate "  is  said  to  be  found  at  440  and  455  m. 
rocks  show  a  slight  dip  to  the  north  rather  than  to  the 
and  seem  to  have  no  relation  to  any  anticlinal  fold. 

7.  Position  of  Mines  and  Character  of  Ores. 
mines  of  the  district  are  situated  in  the  foothills  about 
rd  of  the  distance  from  the  floor  of  the  valley  to  the 
t  of  the  Sierra.  There  are  from  15  to  20  in  number, 
iited  approximately  on  an  E-W.  line  for  about  3  miles, 
ree  largest  producers  in  1900,  according  to  Malcolmson, 

[5] 


Digitized  by 


Googt^, 


872      SILVER-,   COPPER-,   AND    LEAD-ORBS    AT   VETA    RICA    MINE, 


were :  Veta  Rica,  41,018 ;  Sau  Josfe,  30,285 ;  and  San  Salvador, 
28,783  metric  tons. 

The  general  character  of  ores  and  their  composition  was  given 
by  the  same  author  as  follows : 


Basic  lead-ore, 
Siliceous  limei 
Lime  ore. 


Metric 
Tons. 

80,000 
52,000 


Oz.  For 
Ton. 

9.0 

18.0 


Pb. 
Per 
Cent. 

15.0 

0.0 


SiOs. 
Per 
Cent. 

FeO. 
Per 
Cent. 

CaO. 
Per 
Cent. 

BaS04. 
Per 
Cent. 

Cu. 

Per 

Cent. 

16.0 

36.0 

5.0 

20.0 

3.0 

21.0 

10.0 

0.6-3.0 

25,000        8.0        0.0  7.0        3.0      33.0 


SiUceous  lead-ore,      23,000      10.0      14.0        34.0      22.0        2.0      

The  chief  ore  of  the  district  has  always  been  a  silver-lead  ore 
consisting  largely  of  argentiferous  cerussite,  but  since  1893 
the  mines  in  the  western  part  of  the  camp,  notable  among 
which  are  the  Veta  Rica  and  San  Jose,  have  produced  large 
amounts  of  silver-copper  ores,  containing  little  or  no  lead. 

VL  Veta  Rica  Ore-Bodies. 
The  Veta  Rica  claim  covers  9  hectares,  or  about  22.25 
acres,  and  considerably  more  than  $8,000,000  has  been  taken 
from  the  mine  to  date.  The  first  shaft  was  sunk  near  the 
southern  boundary  with  the  adjoining  Fortuna  property,  and 
was  carried  only  to  the  2d  level  (see  Figs.  1  and  2).  At  the 
Ist  level,  the  ore  common  to  the  camp  as  a  whole  was  en- 
countered. This  was  argentiferous  cerussite  mixed  more  or 
less  with  limonite,  massive  sulphur,  and  gypsum.  This  associa- 
tion is  quite  usual  in  the  region,  and  the  sulphur  has  been  ob- 
tained in  such  large  amounts  that  some  shipments  have  been 
made.  The  gypsum  especially  was  so  constant  that  the  miners 
used  it  as  an  indication  of  proximity  to  good  ore.  The  original 
mineral  was  undoubtedly  galena,  and  the  reaction  which  took 
place  was  probably  the  following : 

PbS  +  40  =  PbSO, 
PbSO,  +  CaC03  +  2nfi  =  PbCO,  +  CaSO, .  211^0 

There  is,  of  course,  a  possibility  that  anhydrite  may  have  been 
the  original  mineral,  which  has  altered  to  gypsum  as  described 
by  Lindgren.*  In  the  present  instance,  since  nothing  but 
secondary  minerals  are  found,  the  gypsum  was  probably  di- 

*  W.  LiDdgreo,  Anhydrite  as  a  GaDgue  Mineral,  Economic  Oeohgy,  vol.   v., 
No.  6,  p.  622  (Sept.,  1910). 
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rectly  precipitated.  The  sulphur  might  have  been  formed  by 
the  action  of  hydrogen  sulphide  upon  the  limestone,  or  on  sul- 
phur dioxide,  or  by  the  reduction  of  the  gypsum.  The  most 
interesting  feature  about  this  occurrence  is  that  the  gypsum  and 
sulphur,  which  in  other  regions  have  undoubtedly  been  formed, 
but  either  dissolved  or  carried  farther,  are  here  precipitated. 
This  is  possibly  due  to  the  general  aridity  of  the  climate  and 
consequent  lack  of  large  amounts  of  underground  water.     In 


I  Ul«b  Grade  Stope 


(Sketched  by  R.  B.  Cochran.) 
Fig.  2. — Ground-Plan  of  Veta  Bica  Ore-Bodies. 

this  ore-body,  the  limestone  foot-wall  was  not  enriched,  and  the 
ore  was  very  soft  and  required  square  sets  in  the  stopes. 

On  the  2d  level  of  the  south  shaft,  a  drift  north  through  the 
limestone  to  the  breccia-contact  found  a  body  of  ore  which 
consisted  of  a  siliceous  limestone  impregnated  with  native 
silver,  cerargyrite  (var.  embolite),  and  copper-values  up  to  3  per 
cent.   At  the  extreme  northern  part  of  this  deposit,  the  ore  gave 
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a  fracture  was  discovered,  which  is  locally  called  the 
sure"  (see  Fig.  2).  In  order  to  reach  this  more  easily, 
to  prospect  the  northward-dipping  contact,  the  Veta 
;ral  shaft  was  sunk.  At  the  8d  level,  a  drift  was  run 
ath  until  both  contact  and  fissure  were  encountered, 
discovered  at  both  places,  and  that  found  along  the 
as  of  the  same  general  nature  as  the  ore  mined  on  the 
Df  the  south  shaft,  but  was  of  poorer  grade.  It  con- 
Dwn  to  the  4th  level,  slightly  below  which  the  shaft 
agh  the  contact  of  breccia  and  limestone. 
B-body  on  the  **  main  fissure  "  was  situated  about  20  m. 
contact  and  was  found  only  between  the  8d  and  4th 
low  which  mineralization  did  not  occur.  This  "  fis- 
a  break  in  the  limestone  nearly  at  right  angles  to  the 
of  dip  of  the  contact-plane,  but  seems  not  to  have 
the  latter  to  any  appreciable  extent.  The  plane  of 
re  also  dips  northward,  but  at  a  much  steeper  angle 
breccia-limestone  contact.  The  ores  on  this  fissure 
tr  in  copper  than  any  yet  mentioned,  and  are  also 
rous.  There  are  two  such  silver-copper  shoots  at  this 
but  one  is  composed  of  sulphides,  while  the  other  is 
(see  Pig.  2).  These  bodies  are  separated  by  120  m. 
i  limestone,  although  both  are  on  the  fissure.  The 
ores  are  found  on  the  eastern  side  of  the  claim  and 
f  chalcocite  and  chalcopyrite,  with  small  amounts  of 
chiefly  as  tarnish.  Some  galena  and  sphalerite  are 
to  occur  here.  The  chalcocite  is  all  of  the  gray,  mas- 
jty  and  not  the  sooty  kind  which  is  recognized  as  sec- 
1  the  mines  at  Butte  and  elsewhere.  On  the  other 
^  fact  that  the  fissure  intersects  the  breccia-limestone 
nd  that  mineralization  extends  only  to  the  4th  level 
indicate  that  the  deposit  was  made  by  later,  descend- 
ions,  and  resulted  from  secondary  precipitation, 
ddized  body  is  on  the  west  side  of  the  claim  and  con- 
ative  copper,  cuprite,  azurite,  and  malachite,  all  mixed 
less  with  gypsum.  It  is  very  evident  that  the  solu- 
ch  caused  the  oxidation  of  this  body  of  ore  were  either 
of  their  oxidizing  power  before  reaching  the  sulphide 
the  east  or  were  entirely  prevented  from  contact  with 
[gh  both  are  on  the  same  fracture.     The  officials  of 
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the  mine  believe  that  a  water-channel  followed  down  the  fis- 
sure on  the  west  side,  and  was  prevented  from  reaching  the 
sulphides  by  the  wall  of  barren  limestone  120  m.  thick.  As 
was  the  case  in  the  lead-deposits  of  the  south  shaft,  the  gypsum 
is  a  prominent  and  interesting  feature  of  the  oxide  shoot.  It 
was  probably  formed  in  the  decomposition  of  copper  sulphate 
according  to  the  following  reaction : 

2CuS0,  -f  2H2Ca  (CO3),  +  3H,0  =  CuCOs  •  Cu  (OH),  -f  2(CaS0,  •  2H,0)  +  3CO, 

(Malachite)  (Gypsum) 

For  the  formation  of  azurite,  the  following  reaction  may  have 
occurred  : 

3CUSO4  +  SHfisL{CO^\  +  4H2O  =  2CUCO5  'Cu  (OH),  4-  3(CaS0,-  2H,0)  +  400, 

(Azurite)  (Gypsum) 

The  cuprite  and  copper  might  have  been  formed  by  the  reduc- 
ing action  of  ferrous  sulphate,  after  the  manner  suggested  by 
Ries,*  as  follows : 

2CuS0,  +  2FeS0,  -f-  H,0  =  Cu,0  -h  Fe,  (SOJa  -f  H,SO, 
(Cuprite) 

CujO  4-  H,S04  =  Cu  4-  CuSO,  4-  H,0 

Since,  however,  the  copper  is  found  with  gypsum  like  mala- 
chite, I  see  no  reason  why  the  same  reaction  which  formed 
malachite  and  gypsum  should  not  also  form  copper  and  gyp- 
sum in  the  presence  of  some  reducing-agent.  Any  superfluous 
oxygen  might  then  oxidize  some  of  the  copper  to  cuprite. 
Some  of  the  specimens  bear  out  this  conclusion,  as  the  cuprite 
is  seen  in  small  amounts  on  the  exterior  of  copper  crystals.  In 
still  other  cases,  however,  it  is  mixed  with  malachite  and  gyp- 
sum. Of  course  it  is  also  possible  that  both  cuprite  and  copper 
might  be  formed  by  the  reduction  of  malachite,  but  the  copper, 
especially,  occurs  in  well-defined  cubes  imbedded  in  gypsum, 
and  could  not  possibly  be  a  pseudomorph  formed  by  the  altera- 
tion of  malachite. 

On  the  north  side  of  the  central  shaft,  between  the  5th  and 
6th  levels,  two  of  the  largest  ore-bodies  in  the  mine  were  dis- 
covered. Here  the  contact  between  breccia  and  limestone  be- 
comes perceptibly  flatter,  and  in  this  respect  does  not  conform 

*  H.  Ries,  Ecorumic  Otology,  3d  ed.,  p.  339  (1910). 
[10] 
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1  fault-planes.  Of  course  it  is  not  absolutely  certain 
lult  does  exist  between  the  two  rocks,  although  many 
int  to  that  conclusion.  The  ore-body  nearest  the  shaft 
es  that  on  the  "  main  fissure  "  between  the  3d  and  4th 
n  that  it  consists  of  a  sulphide  and  an  oxidized  portion, 
re,  the  sulphides  are  on  the  east  and  consist  of  copper-, 
ad  zinc-minerals,  while  ou  the  west  the  ores  are  oxides 
bonates  of  copper  with  native  silver  and  cerargyrite 
ibolite).  I  saw  no  specimens  from  this  ore-body,  but  it 
noted  that  the  two  sulphide  bodies  are  both  on  the 
i  that  on  the  west  side  of  the  mine  the  same  horizons 
oxides.  These  two  bodies,  with  one  other  small  occur- 
re  the  only  sulphides  found  in  the  mine, 
ler  northward,  but  also  between  the  5th  and  6th  levels, 
trge  body  of  the  type  forming  the  largest  tonnage  of  the 
"  siliceous  silver-lime  "  with  small  amounts  of  copper, 
iposition  of  this  ore  ranges  around  the  following  values : 
oz.;  Cu,  0.6  to  3  per  cent.;  CaO,  20;  SiO^,  22;  FeO, 
d  barite  up  to  10  per  cent.  The  ore  occurs  in  the  lime- 
elow  the  breccia-contact.  Although  there  was  ore  on 
tact,  it  was  not  so  good  as  below,  and  was  said  to  con- 
*  an  argentiferous  earthy  gangue  containing  consider- 
"ite."  The  speciihens  of  the  chief  ore  below  the  con- 
ich  were  seen  by  me  consisted  of  red  granular  lime- 
onsiderably  fractured.  Many  of  the  pieces  showed 
surfaces  resembling  rough  slickensides.  Under  the 
ope,  the  rock  consists  of  coarser  grains  of  calcite,  mixed 
er  ones  which  seem  to  be  the  result  of  grinding,  and 
uartz.  The  cracks  between  the  larger  particles  are 
ith  embolite  and  some  silver.  There  is  no  indication 
eplacement,  and  the  ore  must  be  considered  as  an  im- 
ion  of  fractured  limestone.  The  solutions  evidently 
id  some  iron,  which  has  produced  the  reddish  stain. 
;h.  the  ore  is  said  to  contain  workable  amounts  of  cop- 
copper-minerals  were  recognized. 
06,  during  the  progress  of  work  in  the  northern  portion 
silver-lime  "  very  near  the  north  boundary  of  the  claim, 
was  encountered.  This  is  known  as  the  Alvarez  fault 
r,  1),  and  has  a  throw  of  40  ft.  The  fault-plane  dips 
r  to  the  south,  and  must  intersect  the  "  main  fissure  " 
[11] 
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at  no  great  depth  below  the  present  workings.  After  working 
down  to  the  limestone-contact,  it  was  found  that  the  character  of 
the  ores  had  completely  changed,  and  rich  silver-copper  ores 
were  found  in  fractured  grayish-blue  limestone.  In  places  there 
is  a  great  deal  of  barite  present  This  was  known  as  the  "high- 
grade  stope;''  the  ores  often  ran  up  to  150  oz.  of  silver  per 
ton,  with  some  copper.  The  minerals  found  here  were  native 
silver,  argentite,  proustite,  pearceite,  and  erythrite.  The  pear- 
ceite,  (Ag,  Cu)jgAs2Sjp  which  is  arsenical  polybasite,  has  been 
found  previously  at  but  four  other  localities  in  the  world: 
Schemnitz,  Hungary;  Arqueros,  Chile;  Aspen,  Colo.;  and 
Marys ville,  Mont.  The  Veta  Rica  pearceite  contained  15.65 
per  cent,  of  copper,  but  no  antimony.  Tests  on  the  argentite  and 
proustite  show  that  both  contain  copper,  and  indicate  that  the 
solutions  which  deposited  this  ore  contained  chiefly  silver,  cop- 
per, arsenic,  and  sulphur.  Thin  sections  of  one  of  the  specimens 
show  a  mass  of  lamellar,  plumose  barite  impregnated  with 
argentite,  and  silver.  In  most  places  the  silver  surrounds  the 
argentite,  and  was  probably  formed  by  the  reduction  of  the 
latter.  In  a  few  instances,  small  grains  of  silver  were  coated 
with  a  black  film  of  argentite.  If  the  native  silver  is  excepted, 
the  only  common  oxidation-product  found  here  is  the  eryth- 
rite, which  often  occurs  in  well-defined  crystals  in  cavities  and 
cracks  in  barite.  This  is  the  first  occurrence  of  cobalt-min- 
erals which  has  been  observed  in  Sierra  Mojada.  It  seems 
probable  that  cobalt  arsenides  are  present  in  some  of  the  ores, 
but  they  have  not  been  detected.  Since  this  particular  associa- 
tion of  erythrite  and  barite  was  said  to  contain  more  than  100  oz. 
of  silver  per  ton,  the  erythrite  was  carefully  examined  and  was 
found  to  be  coated  in  places  with  exceedingly  fine  hairs  of 
native  silver,  which  sometimes  accumulated  into  globular 
masses.  In  all  cases,  the  silver  was  deposited  on  the  erythrite 
and  was  therefore  formed  later.  I  have  no  means  of  ascertain- 
ing what  relation  this  association  had  to  the  occurrence  of 
silver  with  argentite,  proustite,  and  pearceite.  However,  it 
would  seem  that  in  both  associations  native  silver  was  one  of 
the  most  recent  minerals  formed. 

Vn.  Paragbnbsis  and  Origin  of  the  Orbs. 
In  the  description  of  the  various  ore-bodies,  the  association 
of  the  diflerent  minerals  has  been  given,  and  where  possible, 

^^^^  Digitized  by  Google 


R-,    COPPER-,   AND    LBAD-0RE8    AT    VBTA   RICA    MINE.       879 

has  beea  called  to  the  order  of  their  deposition. 
»wever,  most  of  the  specimens  at  my  disposal  are  in 
pieces,  and  nothing  is  known  of  their  relations  to  each 

definite  conclusion  can  be  reached  on  the  order  of 
n  of  the  various  minerals.  This  can  only  be  deter- 
L  the  mine  itself.  There  a  distinct  association  seems 
)wn  between  silver  and  copper  on  one  hand,  and  be- 
[ver  and  lead  on  the  other.  This  would  conform  to 
mediate  solubility  of  silver  sulphate  when  compared 
i  and  copper  sulphates.  The  association  of  lead  and 
s  seen  on  the  1st  level  of  the  south  shaft,  and  is  ap- 
the  most  common  one  in  the  district.  It  was  likewise 
>ne  known  from  1878  until  1898,  when  the  first  copper- 
)  discovered.  Since  most  of  the  ores  are  oxidized,  very 
5  is  found  with  them — in  accordance  with  the  greater 
'  of  zinc  sulphate  as  compared  with  the  sulphates  of 
liver,  and  lead.  In  one  or  two  mines  a  little  earthy 
onate  has  been  found  below  lead  carbonate  ores  in  the 
i  below  the  contact.  In  several  mines,  lead  carbonate 
lining  silver  was  found  below  the  copper-silver  ores, 
especially  true  in  the  San  Jose  mine,  and  seems  to 
that  a  migration  of  solutions  had  occurred  in  which 
ulver  ores  had  wandered  farther  than  those  containing 
Iver — a  phenomenon  which  does  not  agree  with  the 
olubility  of  their  sulphates.  This  might  be  explained 
resence  of  certain  compounds  which  would  render  the 
e  soluble,  or  by  the  assumption  that  two  different  solu- 
losited  the  ores  at  two  different  periods. 
Bird  to  the  origin  of  the  ores,  the  data  at  my  disposal 
luflBicient  to  warrant  any  conclusion.  It  is,  however, 
T  that  there  is  a  definite  relation  between  the  deposi- 
re,  and  the  plane  of  contact  between  breccia  and  lime- 
lether  this  be  a  fault-plane,  or  an  ore-channel  between 
milar  rocks.     All  ores  are  found  below  the  breccia, 

considered  quite  impervious,  and  therefore  would 
mch  affected  by  either  ascending  or  descending  solu- 
lince  most  of  the  ores  are  oxidation-products,  and 
1  secondary,  the  question  of  origin  evidently  depends 
5  interpretation  of  the  three  sulphide  bodies  found  in 
B.     These  are  either  parts  of  an  original  deposition, 
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along  the  contact  of  limestone  and  breccia,  and  in  the  "  main 
fissure,"  which  has  resisted  oxidation,  or  they  have  been  precipi- 
tated after  secondary  concentration.  The  various  minerals  found 
in  the  sulphide  ores,  such  as  chalcocite,  chalcopyrite,  argentite, 
prousite,  pearceite  (polybasite),  and  silver,  according  to  the  writ- 
ings of  Lindgren®  and  W.  H.  Emmons,^  are  possible  in  primary 
deposits  as  well  as  secondary  enrichments.  Neither  are  there 
in  the  Veta  Rica  deposits  any  convincing  criteria  of  downward 
enrichment  as  suggested  by  Ransome.*  According  to  Sales,* 
gray  massive  chalcocite,  such  as  occurs  here,  is  strongly  indica- 
tive of  primary  origin.  The  presence  of  sulphide  ores  in  the 
"  main  fissure,"  about  20  m.  from  the  contact  of  breccia  and 
limestone,  and  the  fact  that  they  are  found  only  between  the 
3d  and  4th  levels,  rather  indicate  descending  solutions.  In 
regard  to  the  "  silver-lime  "  ores  which  are  found  below  the 
contact,  as  impregnations  of  cracks  in  the  limestone,  the  indi- 
cations are  that  the  deposits  were  probably  formed  by  descend- 
ing waters  which  had  leached  the  material  from  the  contact- 
plane  above.  The  presence  of  considerable  cerargyrite  (var. 
embolite)  seems  to  be  rather  characteristic  of  arid  regions,** 
and  is  believed  by  Keyes  "  to  have  been  largely  due  to  wind- 
blown saline  dust,  taken  up  by  meteoric  water,  which  causes 
the  alteration  of  ore-bodies,  with  the  consequent  formation  of 
silver  chloride.  If,  however,  the  observation  is  correct  that  the 
Sierra  Mojada  ores  were  formed  before  the  deposition  of  the 
conglomerate  and  the  younger  Cretaceous  limestone,  it  is  evi- 
dent that  the  action  of  percolating  sea-water  would  have  tended 
to  cause  the  formation  of  silver  chloride  long  before  the  present 
arid  conditions  prevailed.     The  presence  of  small  amounts  of 

•  W.  Lindgren,  The  Relation  of  Ore-Deposition  to  Physical  Conditions,  Economic 
Geology,  vol.  ii.,  No.  2,  p.  105  (Mar.-Apr.,  1907). 

^  W.  H.  Emmons,  A  Genetic  Classification  of  Minerals,  Economic  Geology,  vol. 
iii.,  No.  7,  p.  611  (Oct-Nov.,  1908). 

^  F.  L.  Ransome,  Criteria  of  Downward  Snlphide  Enrichment,  Economic  Geology, 
vol.  v.,  No.  3,  p.  205  (Apr.,  1910). 

'  B.  H.  Sales,  Discussion  of  Criteria  of  Downward  Sulphide  Enrichment,  Econo- 
mic Geology,  vol.  v.,  No.  7,  p.  681  (Oct.-Xov.,  1910). 

*®  R.  A.  F.  Penrose,  Jr.,  Superficial  Alteration  of  Ore-Deposits,  Journal  of  Geol- 
ogy, vol.  ii..  No.  3,  p.  314  (Apr.-Maj,  1894). 

"  C.  R.  Keyes,  Cerargyritic  Ores :  Their  Genesis  and  Geology,  Economic  Geology^ 
vol.  ii..  No.  8,  p.  774  (Dec.,  1907). 
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e  in  the  silver  chloride  might  be  accounted  for  in  this 

Vni.  Conclusion. 
Qkly  admit  that  I  have  been  unable  to  arrive  at  any  con- 
;  conclusion  regarding  certain  geological  features  pre- 
in  this  district.  Most  evidence  points  to  the  fact  that 
ley  was  made  by  faulting  and  not  by  the  erosion  of  an 
le,  and  that  the  ores  were  deposited  in  a  fault-plane  or 
nnel  between  breccia  and  limestone.  All  this  occurred 
the  deposition  of  the  younger  Cretaceous  limestone, 
lost  of  the  ores  are  now  oxidized,  it  seems  most  probable 
e  few  sulphide  bodies  are  portions  of  the  original  depo- 
and  have  not  been  formed  by  secondai^^  concentration, 
st  that  I  have  been  able  to  state  a  few  facts  which  were 
jviously  known  about  a  region  which  is  of  import  eco- 
lly,  and  interesting  geologically.  It  is  to  be  hoped  that 
5  who  may  visit  the  district  will  pay  especial  attention  ta 
ious  features  which  are  still  open  to  discussion,  such  a& 
mation  of  the  valley  and  the  origin  of  the  breccia. 
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Vanadium  in  Pig-iron. 


BT  PORTER  W.  SHIMER,  EASTON,  PA. 
(New  York  Meeting,  February,  1912.) 

B  not  seem  to  be  generally  known  that  some  American 
contain  notable  amounts  of  vanadium,  and  while  the 
investigation  is  far  from  covering  the  whole  range  of 
is  hoped  that,  at  least,  it  may  serve  to  call  attention  to 
)rtance  of  looking  for  this  element.  The  majority  of 
rons  investigated  were  made  in  the  Lehigh  Valley  and 
ing  furnaces,  using  more  or  less  New  Jersey  magnetite 
mixtures.  Many  of  these  ores,  and  probably  all  of 
Dtain  a  little  vanadium  as  well  as  titanium ;  the  ore 
of  the  largest  of  these  mines  contains  0.05  per  cent, 
ium  and  0.60  per  cent,  of  titanium, 
lomas  M.  Drown  was  the  first  to  detect  the  presence 
ium  in  the  incrustations*  occurring  on  certain  pig-irons, 
Iso  found  this  element  in  a  number  of  magnetites,  but 
lods  for  its  accurate  determination  had  not,  at  that 
in  well  worked  out.  In  a  general  way,  it  may  be  said 
Lehigh  Valley  pig-irons  contain  from  0.02  to  0.05  per 
vanadium  and  from  0.10  to  0.20  per  cent,  of  titanium, 
elements  follow  the  silicon ;  that  is,  the  furnace-con- 
vhich  produce  a  high-silicon,  low-sulphur  iron  will 
^  maximum  reduction  of  vanadium  and  titanium,  and 
r  grades  of  iron,  with  low  silicon  and  high  sulphur, 
ower  content  of  these  elements.  The  following  an- 
irons  made  from  the  same  mixture,  but  under  varying 
conditions,  show  this  ^ery  well : 


Ml 


^1 


Vanadinm. 
Per  Cent. 

Silicon. 
Per  Cent 

Sulphur. 
Percent. 

).  1  X,     .    . 

.      0.042 

3.46 

0.022 

>.  2  plain, 

.     .     0.038 

2.26 

0.041 

»Uled, 

.     .     0.029 

0.52 

0.106 

ion  and  Finrntone,  Note  Concerning  Certain  Incrustations  on  Pig  Iron, 
,  641  (1883-84). 
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The  following  are  the  results  of  vanadium-determinations  in 
a  number  of  pig-irons  made  in  the  Lehigh  valley  and  in  New 
Jersey : 

Vanadium. 
Per  Cent. 

Sample  A 0.028 

Sample  B, 0.032 

Sample  C 0.039 

Sample  D, 0.050 

Sample  E, 0.049 

Sample  F, 0.046 

That  not  all  pig-irons  made  wholly  of  magnetic  ores  contain 
these  notable  amounts  of  vanadium  is  shown  by  the  fact  that 
two  widely-separated  furnaces,  using  all  magnetite,  none  of 
which  is  from  New  Jersey,  were  found  to  contain  respectively 
0.006  and  0.012  per  cent,  of  vanadium.  An  iron  made  wholly 
of  Virginia  hematite  ore  contains  0.014  per  cent,  of  vanadium, 
and  two  different  irons,  presumably  made  wholly  from  Lake 
Superior  ores,  contain  respectively  0.009  and  0.023  per  cent. 
Vanadium  sometimes  occurs  in  limestone  and  in  the  ash  ot 
coke,  and  these  no  doubt  may  contribute  a  part  of  the  vana- 
dium which  finds  its  way  into  the  iron. 

Determinations  of  vanadium  in  iron-castings  made  at  dif- 
ferent times  and  places  in  the  Lehigh  valley  showed  vanadium- 
contents  as  follows:  0.038, 0.013, 0.022, 0.024,and  0.027  per  cent. 
To  ascertain  the  loss  of  this  element  on  rem  el  ting  in  the  cupola, 
a  mixture  of  three  irons  was  used  in  which  the  vanadium  had 
been  carefully  determined  just  before  charging.  The  average 
content  of  these  irons  was  0.0313  per  cent,  and  the  average 
content  of  the  castings  was  0.027  per  cent.,  showing  a  loss  ot 
13.74  per  cent,  of  vanadium  on  remelting. 

There  is  reason  to  believe  that  the  effect  of  vanadium  on  the 
strength  and  other  qualities  of  these  irons  is  noticeably  bene- 
ficial, and  titanium  probably  acts  in  a  similar  way.  When 
these  elements  are  present  in  netable  amounts  there  is  often  a 
peculiar  fine-grained  structure  combined  with  softness  and  un- 
usual strength.  I  have  often  seen  pig-iron  made  wholly  or  in 
large  part  of  New  Jersey  magnetites  which  showed  this  grain 
to  a  very  marked  degree.  Such  irons  often  present  a  peculiar 
mottled  appearance  well  described  by  Bauerman  in  his  descrip- 
tion of  titanium  pig-iron  as  made  up  of  "dull,  dark  gray 
patches  set  in  a  white  network."   Superficially,  the  appearance 
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f  hard,  mottled  iron,  but,  in  reality,  the  iron  is  very 
1  when  the  silicon  is  well  below  1  per  cent.  The  sul- 
0,  is  quite  low  in  these  irons.  Sometimes  the  fracture 
iron  will  show  partly  normal  gray  iron  and  partly  the 
mottle ;  the  lower  half  of  the  pig  may  be  mottled  and 
3r  half  gray,  or  there  may  be  simply  a  mottled  spot 
led  by  gray  iron.  It  may  be  noted,  however,  that, 
exception,  the  fine-grained  mottled  part  of  the  pig  is 
iceably  softer  than  the  gray  part  of  the  same  pig.  The 
are  curled  and  partake  of  a  steely  character.  This 
>  finishes  beautifully  in  the  lathe,  and  takes  a  high 

long  been  my  view  that  the  peculiar  grain  is  due  to 
n  or  titanium,  or  to  both  together.  The  latter  ele- 
esent  in  the  iron  as  a  carbide,  is  often  as  high  as  0.30 
Neither  vanadium  nor  titanium  seems  to  be  alloyed 
I  iron ;  both  are  probably  present  as  carbides ;  at  all 
hey  are  found  almost  wholly,  if  not  entirely,  in  the  in- 
fraphitic  residue  left  after  the  iron  has  been  dissolved 
lilute  hydrochloric  acid.  The  vanadium  compound  is 
Bn  finer  state  of  division  than  the  titanium  carbide, 
atter  occurs  in  cubical  crystals  that  can  be  readily 
i  from  the  insoluble  residue.  (See  my  paper  on 
a  Carbide  in  Pig-iron.^) 

neither  vanadium  nor  titanium  is  alloyed  with  the 
nay  be  asked  how  they  can  have  any  effect  on  its  struc- 
itrength.  Apart  from  any  cleansing  action  these  ele- 
lay  have  by  removing  any  nitrogen  and  oxygen  that 

present,  the  suggestion  is  here  ventured  that  they 
e  structure  by  separating  out  earliest  during  the  solidi- 
:>f  the  iron  as  uniformly-distributed,  finely-divided  car- 
hich  furnish  starting-points  or  nuclei  for  the  rapid 
sation  of  the  iron,  in  this  way  causing  a  finer  grain — 

accompanying  greater  strength — than  would  be  the 
he  absence  of  these  elements.     That  titanium  carbide 
atallizes  out  while  the  iron  is  still  soft  is  proved  by  its 
harp-edged  cubical  crystals. 
3  connection,  the  results  of  a  test  of  a  vanadium-steel. 


»  Trans.,  xt.,  456  (1886-87). 
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886  VANADIUH   IN   PIO-IRON. 

containing  0.148  per  cent,  of  vanadium,  may  be  of  interest 
After  dissolving  a  sample  of  the  steel  in  dilute  hydrochloric 
acid  (25  cc.  of  HCl,  1.20  sp.  gr.,  to  200  cc.  of  water),  the  black, 
carbonaceous  residue  was  filtered  off  and  in  it  was  found  0.068 
per  cent,  or  nearly  one  half,  of  the  total  vanadium.  On  dis- 
solving the  steel  in  a  cold  solution  of  double  chloride  of  copper 
and  potassium  the  residue  again  contained  0.068  per  cent  of 
vanadium.  Thus,  even  in  the  standard  vanadium-steel,  about 
one-half  of  this  element  is  present  in  an  unalloyed  form,  probably 
as  a  carbide. 

As  to  the  addition  of  vanadium  to  pig-iron  for  the  purpose 
of  increasing  its  strength  and  refining  its  grain,  it  is  probably 
safe  to  assume  that  greater  improvement  may  be  looked  for 
when  it  is  added  to  weak  irons  which  do  not  already  contain 
notable  amounts  of  this  element. 


[4] 

Digitized  by  VjOOQ IC 


>  REVISION. 


ACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEEB8.] 


Slime-Filtration. 

of  the  paper  of  George  J.  YoaDg,  presented  at  the  San  Francisco  meet- 
Mober,  1911,  and  published  in  Bulletin  No.  59,  November,  1911,  pp. 
872. 

M.  Nicholas,  Melbourne,  Australia  (communication 
cretary) :  *  Professor  Young  deals  with  quite  a  variety 
ines  and  methods,  but,  strangely  enough,  makes  no 
of  the  work  done  by  me,  although  he  concludes  with 
irk  that  the  "  thin-cake  continuous  filters  are  a  decided 
nent  over  the  thick-cake  filters." 
ise  interested  in  slime-treatment  may  consider  that  I  did 
more  than  to  patent  a  process,  I  submit  Fig.  1,  showing 
:ing-drawings  of  a  machine,  made,  tested,  and  proved 
satisfactorily  by  me  early  in  1905.  This  time  is  prior 
ork  done  in  slime-filtration  with  rotating  filters  by  E. 
r  or  others.  I  maintain  that  a  number  of  appliances 
ise  for  slime-filtration  infringe  my  patents.  And  after 
laustive  inquiry,  I  know  of  no  machine  or  process,  prior 
jBcription  in  1899,*  that  embodied  getting  rid  of  the 
by  holding  them  on  the  cloth  with  the  vacuum,  and 
5harging  them  with  back-pressure^  so  as  to  form  a  cycle 
operation,  the  result  being  continuous  treatment.  I 
\  think  that  any  paper  dealing  exhaustively  with  this 
s  not  complete  without  a  reference  to  the  work  that  I 
le. 

♦  Keceived  Mar.  11,  1912. 

'  U.  8.  Patent  No.  619,211,  Feb.  7,  1899. 
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Michigan  Avenue  Chicago  Illinois 
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plant  of  three  2100  ft.  Sallivan  "WN2"  direct  connected  compresson 
on  a  New  York  tunnel  contract. 

)W  AIR  POWER  COST 

h  electric  drive  is  assured  if  you  select  Sullivan  Direct  Con- 

1  Compressors. 

:h  volumetric  efficiency — Low  electric  power  input  per  foot  of 

)mpressed — Continuous  operation,  year  in  and  year  out,  are 

^  the  advantages  embodied  in  this  Sullivan  model. 

isons  include — 

Corliss  inlet  air  valves,  providing  large  direct  openings  to  the 

cylinder. 
Very  liberal  area  of  discharge  valves. 
Total  closure  unloading  valve  of  the  non-choking  pattern,  with 

atmospheric  relief  valve  on  high  pressure  cylinder. 
A  heavy  flywheel,  to  eliminate  peak  loads. 
Heavy  duty,  first  grade  construction. 

New  Bulletin  858  M,  now  in  press. 
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W.  &  L.  E.  QURLEY 

TROY,   N.  Y. 

LARGEST    MANUFACTURERS    IN    AMERICA 

OF 

Field  Instruments  for  Mining  and  Civil  Engineers 


Also  makers  of  ACCURATE  THERM0MBTBR5 

PHYSICAL  AND  SCIENTIFIC  LABORATORY  APPARATUS 
STANDARD  WEIGHTS  AND  MEASURES 

BRANCH  FACTORY,  No.  3x5  MARITIME  BUILDING,  8BATTLB,  WASH. 

Send  for  Ghirley's  Manual 
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I've  Been  Waiting  For  This 
SKHAMER"  iVrTSi  PLUG  DRILL 


1i  can  ba  fiin 
cith«r  with   air  or  steam 


le  of  the  splendid  "Butterfly"  types,  which  hit  harder, 
l1  faster,  last  longer,  do  more  work  for  the  power  used, 
n  any  other  drills— and  the  valve  cannot  freeze. 

^ackhamer"  has  a  dependable  automatic  rotation — 
pie,  powerful,  economical — which  relieves  the  miner 
n  fatigue  and  minimizes  trouble  from  rifled  holes  and 
ick"  steels.  And  there's  a  slip  release  to  prevent 
3ted,  broken  steels. 

mple  steel  holder  makes  it  easy  to  withdraw  the  steel 
n  the  hole  and  enables  the  operator  to  "churn''  it  up 
[  down,  loosening  the  cuttings  and  keeping  the  steel  free. 

ackhamer"  is  an  all-steel  drill— can  be  run  with 
im  or  air — takes  the  place  of  a  tripod  drill  on  short 
vn  holes,  saving  a  lot  of  time  and  labor — has  an  auto- 
tic  oiling  device  right  in  the  machine,  which  filters 
$  oil  before  using  it. 

imming — block  holing — underhand  stoping — for  anv 
pose  demanding  down  holes  of  average  size  and  depth 
LO  drill  on  the  market  is  in  the  same  class 
th  the  **Jackhamer'\    You  want  Bulletin  4021. 

QERSOLL-RAND  CO. 

YORK  LONDON 

OffioM  in  All  Principal  Cities  of  th»  Werid 
•ors    Rook  Drills    Core  Drills    Stoping  Drills    Electric-Air  Drills 

No.  a  Plug  Dr. 
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PERFORATED  METAL 


MINING  SCREENS 

%  Used  in  sizing  Ores,  Coal,  Clay,  Cement,  Crushed  and  Ground 
Minerals  and  other  products. 

^  STANDARD  SIZES  OF  HOLES  varying  in  diameter  by 
Millimeters  and  fractions  or  decimals  of  an  inch,  in  metal  of  any 
thickness  to  one  inch  Steel  Plates. 

%  CYLINDRICAL  SCREEN  sections  and  segments  rolled  to 
diameter  with  butt  or  lap  joints,  and  fastened  with  clips  bolted  or 
riveted  if  desired. 

%  COAL  SCREEN  PLATES  with  standard  holes,  or  special  sizes 
for  local  requirements. 

%  MANGANESE  BRONZE  or  MONEL  METAL  screens  for 
acidulated  or  sulphurous  mine  waters. 

%  THE  H.  &  K.  P.  CO.  SCREENS  typify  accuracy,  precisign  of 
alignment,  capacity  and  durability — they  are  dependable. 


We  try  to  cover  the  vital  points  of  accuracy,  capacity  and 
durability  as  well  as  it  can  be  done — there  is  nothing  mysterious 
about  the  way  we  make  our  screen  plates — it's  simply  expert 
ence  and  common  sense,  aided  by  the  teaching  of  Mining  Men, 
who  distinctive  as  a  class,  know  what  they  want. 

Our  leading  motive  is  to  supply  only  the  best  screens  that  can 
be  made  and  come  as  near  as  possible  to  meeting  their  wants. 

The  Harrington  &  King  Perforating  Co. 

621  North  Union  Street  CHICAGO,  ILL.,  U.  S.  A. 

New  York  Office:  114  Liberty  Street 
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.OOAM  OF  THE  CAMEBOif—*  CMMRACTiB :   THE  ORAMDEST  THIHO" 

iMERON  PUMP5 

THERE'S  NOT  A  CONDITION 
OF  MINE  SERVICE  THEY  HAVE 
NOT   MET   SUCCESSFULLY 

"ameron  Pump  is  still  at  work  long  after  the 
e  you  paid  for  it  is  forgotten. 

emember,  we  do  not  recommend  a  Cameron 
ip  for  use  where  you  think  a  "  cheap  "  may  do. 

Cameron  is  essentially  a  long-service  pump, 
gned  in  every  detail  to  be  efficient  and  durable 

dependable.  If  it  is  these  qualities  you  are 
:ing  for,  it  is  the  Cameron  Pump  you  should 
all.  No  matter  how  hard  your  conditions  or 
ig  the  work,  you  can  count  upon  a  certain 
5  of  Cameron  Pump  to  meet  them — successfully. 

Cameron  Pumps,  in  their  more  than 
half  a  century  on  the  market,  have  been 
tried  and  found  efficient  in  every  variety 
of  ser\nce,  all  over  the  world. 

Investigate  their  record. 


Complete 

Catalogr   No.   5 

sent  on  request 

to  interested 

pump  users. 


>.  Cameron  Steam  Pump  Works 

11  Broadway,  New  York 

Aug.  191a 
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ANNOUNCEMENT! 


The  Mine  &  Smelter  Supply  Company 

IS  MAKING  ERRONEOUS  STATEMENTS,  BOTH  BY  LET- 
TER  AND  JOURNAL  ADVERTISING,  REGARDING  THE 
INFRINGEMENT  OF  THEIR  PATENT   RIGHTS  BY  THE 

The  Lodwic  Concentrator  Company 

HBRB  ABB  THB  FACTS: 

FIRST :  It  is  not  true,  as  stated  by  the  Mine  &  Smelter  Supply 
Company,  that  the  United  States  District  Court  decided  in  the 
case  of  said  Company  against  Jacob  Lampert,  that  the  concentrat- 
ing tables  which  the  Lodwic  Concentrator  Company  was  placing 
on  the  market  were  not  protected  by  Letters  Patent  granted  to  said 
Lampert.  The  Lodwic  Concentrator  Company  was  not  a  party  to 
said  litigation  and  is  in  no  way  bound  thereby. 

SECOND :  The  said  District  Court  in  said  case,  did  not  pass 
upon  the  validity  of  the  Wilfley  Patent.  Such  statement  is  abso- 
lutely false. 

THIRD :  The  decree  of  said  District  Court  in  said  case, 
simply  decided  that  the  Wilfley  construction  does  not 
constitute  an  infringement  of  the  Lampert  Patent,  No* 
533,362. 

FOURTH :  The  said  decree  was  rendered  on  April  30th  last, 
and  not  on  March  5th,  as  claimed  by  the  said  Mine  &  Smelter 
Supply  Company.  The  said  decree  would  not  in  any  event  become 
final  until  the  expiration  of  six  months  from  the  date  of  its  entry. 
In  that  time,  however,  an  appeal  will  be  taken  by  Lampert  to  the 
Circuit  Court  of  Appeals  of  the  Ninth  Circuit.  We  have  every 
reason  to  believe  that  the  said  decree  of  the  District  Court  will  be 
reversed. 

FIFTH :  The  Lodwic  Tables  are  absolutely  freed  from 
the  claim  of  infringement  of  the  Wilfley  Patent,  for  the 
Company  holds  a  full  license  from  Wilfley  and  the  Mine 
and  Smelter  Supply  Company. 


The  Lodwic  G>ncentrator  G>mpany 

Suite  306,  No.  313  West  Third  St.  LOS  ANGELES,  CAL.,  U.  S.  A. 
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AdvertiseMetUs, 


ON  Ammeters  &  Voltmeters 

FOR  A,  C,  MINING  SERVICE 

rumeiits  are  of  the  same  standard  quality  and  possess 
features  of  durability  and  workmanship  as  the  weD- 
Kston  standard  D.  C.  instruments.  They  are  so  low 
IS  to  be  within  the  reach  of  all  users  of  electrical 
instruments. 

m  A.  C.  instruments  are — 

[Beat 
Extremely  Sensitive 

Practically  Independent  of 

Wave  Form  and  Temperature 

Error,  and  require  very  Little 

Power  to  operate 


wUcbhosad 

wtromcnt  Portable  A.  C 

Instrument 

i.  CIRCUITS  OF  SMALL 
MINE  PLANTS 


Swttchboanf  A.C 
Instrtsment 


N  Eclipse  Ammeters,  Miluammeters 
AND  Voltmeters 

luited.  They  are  of  the  **  soft-iron  **  or  Electro- 
type, renoarkably  accurate,  well  made,  nicely 
ana  especially  low  in  price.  Weston  Eclipse  in- 
I  are  far  in  advance  of  all  preceding  forms  of  the 
types. 

Write  for  catalogue  and  information. 

STON  ELECTRICAL  INSTRUMENT  CO. 

WAVERLY  park,  NEWARK.  N.  J.,  U.  S.  A. 

Office:  114  Liberty  Street. 

•aneh  :  Audrey  House,  Ely  Place,  Holborn. 

noe :  E*  H.  Cadiot,  12  Rue  St.  Georges. 

jopean  Weston  Instrument  Co.,  Ltd.,  Schoneberg,  Genest  Str.,  $. 
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First  Motion  Winding  Engines 

EQUIPPED  WITH 

Nicholson  Device  for  Prevention  of  Overwinding. 

Semi  for  new  catalog— juit  from  the  preM. 

Vulcan  Iron  Works  -  -  Wakes-Barre,  Pa. 


CHROME  STEELWORKS 

CHROME.  N. J.. U.S.iV. 


iFn 


Adamantine  Chrome  Steel 


Canda 

Self-Locking 

Cams 


Canda  Patent  Cam 


For  Stamp  Mill  Wearing  Parts 

SHO£S  AND  DI£S 

(hydraulic  comprbssbd) 

TAPPETS 

BOSSHEADS 


Canda  Cams  are  easily  adjusted  to 
the  ordinary  Cam  Shaft.  All  Cams 
are  interchangeable  on  the  same 
shaft.  Absolutely  Helf-Locking. 
Will  never  work  loose. 

Over  10,000  Canda  Self-Locking 
Cams  now  in  service. 

Send  for  illustrated  pamphlet 
"  Chrome  Steel  Stamp  Mill  Parts  " 

Represented  by : 
J.  F.  Spellman. 

First  Nat'l  Bank  Bldg.. 

Denver,  CX>1 
G.  W.  Myers,  Kohl  Bldg., 

San  Francisco,  Gal. 


Guu^k 
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TURTEVKNT 


G-ROLL   ORE    PULVERIZER 


FOR    DRY  GRINDING 

6  TO  10  TONS  PER  HOUR  TO  40  MCSH  |         3^  ^^  ^g 

^     "     •         •<>  \  HORSC  POWER 

2     ••     4         100 

Send  for  Catalogue 


) 


EVANT  MILL  CO., 


BOSTON,  MASS. 


The  Standard 

ire  Ro 

pe 

.^9^^ 

for  Mining 

M^^^^ 

E  AND  INSULATED    ^ 

^^^J^r 

4.    STEEL  AND 
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John  A.  Roebling's 
Sons  Co. 

TRENTON,  N.  J. 

and 

Stock   Shipments   from    aE^noles 
branches  throughout  the   country 
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BUCKEYE  STEAM  ENGINES 

Reliability  is  a  feature  which  has  made  them  favorites  in 
the  minini^  world.  The  simplicity  of  desipi  and  ease  with 
which  they  are  operated  in  either  direct  connected  or  belted 
service,  render  them  pa3ring  investments. 

When  in  need  of  power  write  us.  Horse  Powers  from  50  up. 

BUCKEYE  ENGINE  CO.,  salem,  ohio 

STEAM  GAS 


Diamond   Drills 

Machines  of  all  Capacities 

Product  of  over  35  years'  Experience 

Take  out  a  Solid  Core 

Bore  at  Any  Angle 

American  Diiunond  Rock  Drill  Co. 

90  WEST  STREET  NEW  YORK 

Send  for  Catmlog  96  M 


If  you  want  the  BEST  Rock  Drill 
Steel  you  must  get  "BULLDOG" 

HOLLOW  and  SOUD 


International  High  Speed  Steel  Company 

No.  478  Pearl  Street,  New  YoriT'^' 
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GOODRICH 

G>nveyor  Belts 

''Best  in  the  Long  Run'' 

UST  as  Goodrich  Tires  have 
a  world-wide  fame  for  being 
the  "best  in  the  long  run"  so  also  have 
the  Goodrich   Conveyor  Belts  estab- 
their  claim  to  the  use  of  this  appropriate  motto. 
>drich  Conveyor  Belts  run  the  longest. 
5  means  longest  life.     Isn't  that  what  you  want  ? 
our  "Longlife"  Brand  for  your  next  belt. 
St  in  the  long  run"— "LONG-LIFE" 

;  The  B.  F.  Goodrich  Company 


Largest  in  the  world 


AKRON,  OHIO 


)  Roessler  &  Hasslacher 
Chemical  Company 

Work.  100  William  Street 

UMBOY,  NEW  JERSEY  NEW  YORK 


Cyanide  98-99% 

(Old  standard)  39%  Cyanogen* 

Cyanide  of  Sodium  i28-i3o% 

(New  standard)  52%  Cyanogen* 
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Mining  Transits  and  Levels 

The  "  BnQ^  is  the  simplest  instrument  to 
take  apart  in  the  field — ^for  lubricating 
centers  or  cleaning. 

Send  for  Catalog  No.  33 

BUFF  &  BUFF  MFG.  COMPANY 
Jamaica  Plain  Station,  MASS. 


PRBCISIOrf  XHBRMOMBTBRS  *      >      fOR 

PRBCISIOl^  MII^ISRS  ^WAXISR  OAGHS  /  MTNINP 
PRBCISIOIN  AlWEROID  BAROMEnTISRS  > '^fjii , 
PRBCISIOIN  AI€BniOI9IBXBR8  C     l^v»l- 

PRISCI8IOK  DRAFT  RISCORDBR8  }  NEERS 


PRECISION  EXPERIMENTAL  WORK  FOR  INVENTORS 


Precision  Thermometer  &  Instrument  Co. 
PHILADELPHIA,  PA, 


ACCURACY  IN  MEASUREMENTS 

is  best  obtained  through  the  use  of 

MEASURING  TAPES 

^  The  more  severe  the  test,  the  better  their  showing. 
For  sale  by  ell  dealers.    Send  for  Catalogue. 

m£/aFMFNffaL£(!o.  s^omy».  men.,  a.  s.  a. 

NEW  YORK  LONDON,  CNO.  WINDSOR,  CAN. 

CONVEYOR  BELTING 

YOU    WILL  OCT   LONG,    HARD    SCRVICC   OUT  OF  OUR    BCLTINQ.    BECAUaC 
WE   PUT   SO    MUCH    QUALITY   INTO    IT. 

RIDOWAY'S    HINGE    EDGE    BELT   FOR   TROUGH    CONVEYING   IS   MADE    BY 
US    EXCLUSIVELY. 

WE     ALSO     MAKE     BELTING     FOR     BUCKET     CONVEYORS.    AND     REGULAR 
STYLES   OF  CONVEYOR    BELTING. 

Write  for  descriptive  matter,  prices,  etc. 

QUAKER    CITY    RUBBER    COMPANY 

Philadelphia         Chicagro         Pittsburgh         New  York 
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CR,  SONDHEIMER  &  CO. 

Frmnkfort-on-MaIn,  Germany 

T  YORK  OFFICE       -       -       42  BROADWAY 

iC  Ores,  Carbonates,  Sulphides  and  Mixed  Ores,  Copper  Ores, 
pper  Matte,  Copper  Bullion,  Lead  Bullion,  Lead  Ores,  Antimony 
is,  Iron  and  Manganese  Ores,  Copper,  Spelter,  Antimony,  Anti- 
Qial  Lead,  Sulphate  of  Copper,  Arsienic,  Zinc  Dust 

Own  Smeltinsr  and  Befininsr  Works 


L  VOGELSTEIN  &  CO. 


roadway 


BUYERS,  SMELTERS 
AND  REFINERS  OF 


NEW  YORK 


B  and  Metals  of  All  Glasses 

Affents  for: 
:h  ft  Sohn,  Halberatadt,  Oermaay. 

tea  Metals  Refining  Co^  Chrome,  N.J.  and  QraeeeUi,  Xnd. 
Zinc,  Lread  ft  Smelting  Co.,  Caaey  and  Dearing,  Kansas, 
ic  Co.,  La  Harpe,  Kansas, 
olytic  Refining  ft  Smelting  Co.  of  Australia,  Ltd.,  Port  Kembla,  N.  S.  W. 


Chicago-Rawhide 
Pinions 


-  /  ^^-  A  The  beat  that  aelected  material  and  careful 

^flij^  workmanahip  can  produce 


rhe  Chicago  Rawhide  Mfg.  Co. 

3ston  Avenue  CHICAGO,  ILL. 


able  Metal  Coating  for  all  Metallic  Surfaces 

SEMPLE'S  BLACK  OXIDE  PAINT 
LASTS  FROM  6  TO  10  YEARS 

and  water  proof.  Sulphur  water  does  not  feaze  it.  Kills  rust 
ormed  and  prevents  rust  formation.  Dries  readily  when  applied 
wet  surfaces  and  will  not  run  when  surface  is  frosty.  Bakes 
>t  stacks. 

PRICE  $1.00  PER  GALLON. 

inufactured  by 

»,  .870.  F.  G.  SEMPLE,  South  BetMehem,  Pa. 
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MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALUS-CHALMERS  COMPANY 

Milwaukee,  Wisconsin. 

MINING   MACHINERY  of  Every  Type.     Complete 
Power  and  Electrical  Equipments. 


SPIRAL 

RIVETED 

PIPE 

AMERICAN  SPIRAL  PIPE  WORKS 

Chicago,  III. 

Spiral  Riveted  Pipe  Especially  Suited  for  Water  Supply 
Lines  for  Mines,  Mills,  Hydraulic  Operations,  Hydro- 
Electric  Plants,  Dredging,  etc. 

CORE 
DRILLS 


AMERICAN  DIAMOND  ROCK  DRILL  CO. 

90  West  St.,  New  YorIc 

DIAMOND    DRILrLS,    Machines    of   all    capacities. 
Take  out  solid  core.    Bore  at  any  angle. 


ANSON  G.  BEnS 

NEW 

Troy,  N.Y. 

Electrolytic    Lead    Refining;      Zinc     Recovery    firom 

PROCESSES 

Complex   Ores;      Laboratories  for  Metallurgical  Re- 

search. 

BUCKEYE 

STEAM 
ENGINES 


BUCKEYE  ENGINE  CO. 

Salem,  Ohio. 

Buckeye  Engines  are  reliable  because  of  the  simplicity 
of  design  and  ease  with  which  they  ar*  operated  in 
either  connected  or  belted  service.  When  in  need  of 
power  write  us. 


PUMPS 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  New  Yerlc. 

CAMERON  VERTICAL  PLUNGER  SINKING 
PUMPS,  for  shaft  sinking.  CAMERON  HORIZON- 
TAL PLUNGER  STATION  PUMPS,  for  handling 
gritty  water. 
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HICAGO  PNEUMATIC  TOOL  CO. 

Chioago.  New  York. 

London. 

DMPRESSORS,  ROCK  DRILLS,  HAMMER 
S,  PNEUMATIC  HAMMERS,  ELECTRIC 
EUMATIC  DRILLS  and  APPLIANCES. 


AIR 

COMPRESSORS 
PNEUMATIC 
TOOLS  AND 
APPLIANCES 


E  CHICAGO  RAWHIDE  MFG.  CO. 

1301   Elston  Avo.,  Chicago,  III.  MECHANICAL 

NG,   Lace   Leather,  Rawhide   Rope,  Rawhide  |       LEATHER 

and  Hammers,  Hydraulic  Packing.  I  SPECIALTIES 

RIGINATBD    THE    RAWHIDE    PINION.  I 


CHROME  STEEL  WORKS 

Chromo,  N.J. 

SHOES 

itine   Chrome   Steel    SHOES    and    DIES    for 

AND 

MiUs.      CANDA    SELF- LOCKING    CAMS; 

T8;  BOSSHEADS;  CAM  SHAFTS;  STAMP 

DIES 

[HE  DENVER  FIRE  CLAY  CO. 

Ivor,  Colo.  Salt  Lako  City,  Utah. 

:turer8  of  ASSAY  SUPPLIES,  CRUCIBLES, 
?IERS,  Muffles,  Fire  Brick,  Scientific  Appa- 
ihemical  Apparatus,  Heavy  Chemicals,  C.  P. 
lis.  Glass-blowing,  etc.    Write  to-day  for  Cata- 


ASSAYERS 

AND 
CHEMISTS 
SUPPLIES 


ER  ROCK  DRILL  &  MACHINERY  CO. 

ROCK   DRILLS 

Donvor,  Colo. 

AIR 

NG     MACHINERY,     BOILERS    and    EN- 

COMPRESSORS 

GASOLINE  ENGINES,  MINING  MACHI- 

HOISTS 

COMPLETE  POWER  PLANTS. 

ETC. 

GENERAL  ELECTRIC  CO. 

Sohonootady,  N.  Y. 

*RIC  MINE  LOCOMOTIVES.     ELECTRIC 
EIS  for  Operating  Mining  Machinery. 


ELECTRIC 

MINE 

LOCOMOTIVES 


(15) 


Digitized  by 


Google  » 


A  DIRECTORY  OF  MINING  AND 


ELECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


GOODMAN  MANUFACTURING  CO. 

Chicago,  Illinois. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


CONVEYOR 


BELTS 


THE  B.  F.  GOODRICH  CO. 

Akron,  Ohio. 

Goodrich  "Longlife"  «« Economy"  A  "Grainbclt"  CON- 
VEYOR BELTS  will  handle  more  tons  per  dollar  of 
cost  than  any  other  belts  made. 


PERFORATED 
METALS 


HARRINGTON  &  KING  PERFORATING  CO. 

621  North  Union  St.,  Now  York  Offieo : 

Chicago,  III.,  U.  S.  A.  114  Liberty  St. 

Manufacturers  of  Perforated  Metal  Mining  Screens  of 
every  description,  and  for  screens  of  all  kinds. 

See  advertisement  on  page  4. 


SPELTER 

ILLINOIS  ZINC  CO. 

SHEET  ZINC 

Poru,  III. 

SULPHURIC 

Manufacturers  of   SPELTER,    SHEET    ZINC    and 

ACID 

SULPHURIC  ACID. 

COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  Now  York. 
"Return-Air"  Pumps,  Coal  Shearers,  Pneumatic  Hoists, 
"Electric-Air"  Drills,  Coal  Punchers,  Pneumatic  Tools, 
"Calyx"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


ROCK 
DRILL    STEEL 

HOLLOW 
SOLID 


INTERNATIONAL  HIGH  SPEED  STEEL  CO. 

Now  York  City. 

Sole  Importers  ot  the  Celebrated  "BULLDOG" 
BRAND  HOLLOW  AND  SOLID  ROCK  DRILL 
STEEL. 
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THE  JEFFREY  MFG.  CO. 

Columbus,  Ohl«. 

and  Air  Power  Coal  Cutters  and  Drills,  Car 
oal  Tipples,  Coal  Washeries,  Larries,  Screens, 
rashers.  Elevators,  Conveyors,  Pans,  Hoists, 
(tc 


COAL 

MINING 

MACHINERY 


.EAD  LINED  IRON  PIPE  CO. 

Wakefield,  Mass. 
.INED  IRON  PIPE,  LEAD  LINED  IRON 
8 — for  Acids  and  Corrosive  Waters. 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 


LESCHEN  &  SONS  ROPE  CO. 


IN  BDMlf  B8  a»  IMAMB 


St.  Louis,  Mo« 
^  WIRE  ROPE  of  qualities  and  construction 
o  every  condition  of  wire  rope  service,  includ- 
lebrated  Hercules  Brand  and  Patent  Flattened 
id  Locked  Coil  constructions.  Systems  of  Aerial 
pe  Tramways  for  the  economical  transportation 
aterial. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


:  LODWIC  CONCENTRATOR  CO. 

Los  Angoles,  Cai. 

urers    of   LODWIC     CONCENTRATORS, 
for  information,  prices  and  terms. 


LODWIC 
CONCENTRATOR 


COMBER  &  WHYTE  ROPE  CO. 


Chicago,  III. 
Plttolrarir        Kanaas  City 


SMtUe 


Portland 


urers  of  High  Grade  Wire  and  Wire  Rope  for 
pose.  Sole  makers  of  Patent  Kilindo  Non- 
'*  Monarch"  and  MacWhyte  Wire  Ropes. 
Looped  Section  Tramways. 


WIRE  ROPES 

AERIAL 
WIRE  ROPE 
TRAMWAYS 

BLOCKS  FOR 
WIRE  ROPE 


HASHEK  ENGINEERING  CO. 

90  Wsst  St.,  New  York. 

plant  equipments  4,  8,  z6  and  35  tons  of  a  to 
keless  and  odorless  briquettes  per  hour.  Com- 
its  designed  and  erected. 


BRIQUETTING 
MACHINERY 
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ELECTRICAL 

COAL 

MINING 

MACHINERY 


MORGAN-GARDNER  ELECTRIC  CO. 

Chieage,  III. 
ELECTRICAL    COAL     MINING    MACHINERY, 
ELECTRIC  MINE   LOCOMOTIVES,  DYNAMOS, 
SWITCH  BOARDS  and  MINE  SUPPLIES. 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 


OTIS  ELEVATOR  COMPANY 

Eleventh  Ave.  and  Twenty-Sixth  St.,  New  Yerk. 

OPPICC8   IN   ALL  PRINCIPAL  CITIC8  OP  THC  WORLD. 

Build  and  erect  all  tjrpes  of  Freight  and  Passenger  Ele- 
vators— for  all  kinds  of  power; — including  Furnace 
Hoists,  Inclined  Railways,  and  Special  Hoisting  Equip- 
ments and  Machines  for  Mining  use.  Correspondence 
invited. 


CONVEYOR 
BELTING 


QUAKER  CITY  RUBBER  COMPANY 

Philadelphia,  Pa. 

We  are  the  sole  manufacturers  of  Ridgway  patented 
Hinge  Edge  Belt  for  trough  conveying.  We  also  manu- 
facture regular  styles  of  Conveyor  Belt.  Belting  for 
Bucket  Elevators  a  specialty.  Tell  us  your  belting 
problems. 


ROBINS 

BELT 

CONVEYORS 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Park  Row,  New  York. 

Messiter  ORE  BEDDING  Systems— FURNACE 
FEEDERS;  SORTING  BELTS,  and  many  other 
special  applications  of  what  was  the  Pioneer  and  is  the 
Standard  Belt  Conveyor;  Coal  Handling  Systems; 
Electric  Locomotives;  Hoisting  Machinery. 


WIRE 
ROPE 


JOHN  A.  ROEBUNG'S  SONS  CO. 

Trenton,  N.J. 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 
agencies  and  branches  throughout  the  country. 


POSITIVE 

PRESSURE 

BLOWERS 

VACUUM  AND 
ROTARY  PUMPS 

GAS 
EXHAUSTERS 


P.  H.  &  F.  M.  ROOTS  CO. 

Cenneravllie,  ind. 
Manufacturers  of  the  Roots  Positive  Pressure  Blowen 
for  Smelting,   Foundry  and   Filtration  Work.    Write 
for  Catalogue. 
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F.  G.  SEMPLE 

South    B«thiehem,  Pa. 
rer  of  SEMPLE'S  BLACK  OXIDE  PAINT. 
)LE  metal  coating  for  all  metallic  aurfacas. 
>  per  gallon. 


SEMPLE'S 
BLACK 
OXIDE 
PAINT 


STURTEVANT  MILL  CO. 

Boston,  Mass. 
/ANT  Steel  Plate  Cniahers,  Balanced  Rolls, 
Pulverizers,  Newaygo  Screens,  Laboratory 
EloUs  and  Screens. 


CRUSHING 

GRINDING 

SCREENING 

MACHINERY 


lULUVAN  MACHINERY  CO. 

[allway  Exohango,  Chioago,  III. 

Machines,  Air  Compressors,  Diamond  Core 
;k  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
r  Machines,  Pans. 


ROCK   DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


VULCAN  IRON  WORKS 

Wilkes- Barro,  Pa. 

iectric  Mine  Hoists,  Steam  Hoists,  Hoist- 
iaulage  Engines,  Mining  Machinery,  etc. 
Device  for  Prevention  of  Overwinding. 


MINE 
HOISTS 


GHOUSE  ELECTRIC  &  MFG.  CO. 

Pitteburg.  Pa. 

ELECTRIC 

Lnghouse  EQUALIZER  HOISTING  SYS- 

HOISTS 

solve  your  hoisting  problems. 

i  ELECTRICAL  INSTRUMENT  CO. 

Wavsriy  Park,  Nswark,  N.J. 

clipse  AMMETERS,  MILLIAMMETERS 
i'METERS  are  well  suited  for  D.  C.  Circuits 
tine  plants. 


AMMETERS 

AND 

VOLTMETERS 
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PROFESSIONAL  CARDS 

ALDRIDGE,  WALTER  H. 

Consulting  Mining  and 
MetallurgTcal  Engineer 

604  Central  Bldg.    LOS  ANGELB8,  CAL. 

COULDREY,  PAUL  S. 

Mining  Engineer 

Cbrro  db  Pasco  Mining  Co. 

CERRO  de  PASCO,  PERU 
SOUTH  AMERICA 

ARMSTEAD,  Henry  Howell 
Consilting  Engineer 

29  Broadway 

NEW  YORK 

Apartado  65,  Guanajuato,  Mexico 

6ARZA-ALDAPE,  J.  M. 

Mining  and  Metalinrgioal  Engineer 
Reports  ok  Mexican  Mineb 

Andreas  :  Calle  de  Bodriguez  No.  5 
(P.  0.  Box  No.  225) 

TORREON-COAHUILA-MEXiCO 

BEATTY,  A,  CHESTER 

Consulting  Mining  Engineer, 
71  Broadway, 

NEW  YORK,  N.  Y. 

Cable  Addicts: 

GranitlG. 

GREENE,  FRED  T. 

SUtot  Bow  Club.        BUTTE.  MOFT. 

BREWER,  WM.  M. 

and  &0ologist, 

P.  0.  Box  701.              VICTOBTA,  B.  C. 

Connected  with  the  Tyee  Copper  Co.,  Ltd. 

HALL,  EDWIN 

LUSK,  WYOMING 

Mining  Engineer.  Wyoning  Oils  and 
Copper  a  specialty 

BURCH,  H.  KENYON 

Beehanleal  and  HeUllarflrical  Engineer 
ConBBlUtions 

Deelffner  and  Builder  of 
Power,  Hoistlmr*  Pumping, 
Crnshinir  and  BIlllln«  Plants.. 

c».^i.i»t^  Coacentration  of  Ores, 
^specialties  Economic  Handling  of  Material*. 

HAMMOND,  JOHN  HAYS, 

Consulting  Engineer, 

71  Broadway,               NEW  YORK. 
Codes  B^dford-McM/K 

CHANNING,  J.  PARKE 

Consalting  Englneerp 
42  Broadway,              NEW  YORK. 

transactions  of  the 
American  lostitiste  o£  Minins:  Eogfinecn. 

OOLLECTIVB  INDEXES 

Vols.  I.  to  XXXV.,  CI.,  $5 ;  K  Mor.  $S. 

Vols.  XXXVI.  to  XL.,  CI..  $1.50;  %  Mor.|a.so. 
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,  ABBOT  A. 

tmlst  and  AMayer 

E«ubUsked  1866 

^nd  Umpire  Away*,  Supervl- 
unpUns  at  Smelters,  Chemical 
^?  Ojes.  Minerals,  Mineral 
tc. 

ito  8L    San  Franclson,  Cal. 


KLEPETKO.  FRAMK 


Oonanltlna  EiHltne«r 
Mining  and  HetaHnrsy 


42  Broadway 


NEW  YORK 


IAN,  JOHN  E. 
onaniting  Mining  Englnear, 
■mesSt 

MONTREAL,  CANADA. 

HURST,  ROBERT,  Jr. 

Mining  Engineer 

ibnryHooK 
LONDON,  E.  C,  ENGLAND 

[dress :— HAWXHuasT,  Lomdom 


UW.PAULW. 

MlBl»a  Md  ConsoKIng  EiiglDeer 

Real  del  Monte,    HIDALGO,  MEXICO 

Apabtado  No.  8 

LEDOUX  &  COMPANY 

Assayers  and  Samplers 
99  John  Street.  NEW  YORK 

Independent  SftmpUng  Works 

New  York  and  Jersey  City 

Bepresentativee  at  all  refineries  and 

smelters  on  Atlantic  seaboard 


E,  CHARLES 

Mining  Engineer, 

do  8,  El  Oro* 

STADO  DE  MEXICO,  MEXICO. 


LOWE,  HENRY  P. 

Coneulting  and  Mining  Engineer, 
CENTRAL  CITY.  COLORADO. 

Bedford  McNeill  Code, "  Low«,  Denver." 


IINBS,  E.  P. 

omKIng  Mining  Engineer. 

^ewhonse  Building, 

SALT  LAKE  CITY,  UTAH. 


Mines  Management  Company 

CoBsmlllng  Hlnlnff  EmrinMn 

MtdHlneKaDEffers 

60  Broadway  NEW  YOBK  CITY 

Branches : 

LMA«.Eaglaa4.  28  sa4  »  St  Switfcla.  Lsae 


Cable  Address : 
«Minmanco" 


Code: 
Bedford-McNeill 
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MYERS,  DESAiX  B. 

Mining  Engineer 

321  Story  BaildiDg 

LOS  ANGELES 

RICHARDS,  ROBERT  H. 

MMsachnsetta  Institute  of  Technology 

BOSTON,  MASS. 

RIORDANp  D.  M. 

Mining  InvestigaUons  especUUy  carefully 

made  for  responsible  intending  investors. 

City  InvetUng  Bld«..  166  Broadway,  N«ii  York. 

PARKER,  RICHARD  A. 

Consulting  Mining  Engineer 
929  Foster  Building               DENVER 

SPILSBURY,  E.  GYBBON, 

ConsQltlng,  OlTll,  Miiiliiir 
and  KetaUurgioal  Bii«ln»er, 

45  Broadway,                NEW  YORK. 

Howard  Poillon                  C.  H.  Poikibr 

POILLON  &  POIRIER 

Mining  Engineers 

25  Broad  Street 

NEW  YORK  CITY 

SYMMES.  WHITMAN 

Mining  Engineer 

VIRGINIA  CITY,  NEVADA 

Supt.  United  Comstock  Pomping  Asm. 
Supt.  Mexican  Mine,  Union  Mine,  etc. 

REVETT,  BEN  STANLEY 

Mining  Engineer 

Alluvial  Mining 

AND  Installations 

BRECKENRIDGE,  COLORADO 
Ctbl«:  "Dredger" 
G<k1«:  Bedford-McNeli 

TREDWELU  WILBUR 

Mining  Engineer 

» 

PHSNIX,  ARIZONA 

RICKETTS  &  BANKS, 

60  Maiden  Lane,  New  York, 

Mining,  Metailnrglcal  and 

Clienical  Engineers, 

Examination  of  Properties.    Testing  of  Ores 
for  Best  Process  of  Treatment.    Consultation 
in  Mining,  MetaUurgical  and  MilUng  Practice. 

WEED,  M.  B. 

MliilDg  EnglRMF 

LANDER,  WYOMING 
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COMPLETE  GRAPHIC  SOLUTION   FOR 

JTTER'S   FORMULA 

FOR  THE  FLOW  OF  WATER. 

L.  1.  HEWES  and  J.  W.  ROE.  Sheffield  Scientiflc  School, 
Yale  University. 

the  use  of  this  diagram  and  a  straight-edge,  a  complete 

on  of  Kutter's  Formula  for  any  given  conditions  can  be 

led  in  30  seconds,  without  the  tedious  calculations  other* 

lecessary. 

ited  on  cloth,  15  by  1 5  inches.     Suitable  for  office  or 

ise. 

PRICE,  50  CENTS. 

It,  postpaid,  on  receipt  of  price,  by 
The  American  Institiite  of  Mining  Engineen, 

29  West  39tli  Street,  New  York,  N.  Y. 


AMELED  PIN 


IS8  HAMIiEilS 


iL  FOB 


T^HE  AMERICAN  INSTITUTE  OP 
^  MINING  ENGINEERS  has 
adopted  no  official  badge,  the  posses^ 
sion  of  ivhich  is  proof  of  membership. 
Numerous  designs,  however,  have  been 
executed  for  temporary  use,  and  of  these 
the  three  here  shown  have  proved  so 
convenient  and  attractive  that  many 
members  continue  to  wear  them  as  per- 
sonal ornaments.  To  this  there  is  no 
objection ;  and  these  badges  will  be  sent 
postpaid  to  Members  and  Associates  on 
the  receipt  of  the  price  by  New  York 
check,  or  Postal  Money  Order,  in  favor 
of  the  Secretary,  as  follows : 

Blue  Enameled  Button,  silver,  $0.76  ;  gold,  12.60  ; 
White  Enameled  Button  for  officers,  gold,  ^2.f>0 ; 
Oroes-HammerB,  gold,  |2.75 ;  Seal  Watcb-Fob,  sil- 
▼er-gUt,  12.60  ;  silver,  $4.00 ;  gold,  $12  to  $^. 


(23) 


Digitized  by 


G0O5 


Advertisements. 


MANY  MERITORIOUS  FEATURES 
are  found  cmly  in 

Jeanesville  Centrifugal  Mine  Pumps 


iMto^ 

-tS 

1 

- 

■^m^ 

S3^ 

Consider, 

for  example, 

These  Points 
Of  Superiority 


Split  Casing  with  Suction  and  Discharge  Openings  in  the  Lower  Half,  wtncti 
permits  examining  the  interior  without  disturbing  piping  connections. 

External  Bearings  with  Renewable  Split  Bushings  facilitating  aligning  ani] 
repairing. 

Double  Suction  Enclosed  Impellers  securing  perfect  balance  and  the  highest 
efficiency. 

Kemovable  Bronze  Wearing  Kings  around  the  Suction  Openings,  easilj  replaced 
when  worn. 

Acid  Resisting  Metal  for  all  exposed  parts  when  handling  acid  mine  water. 

Many  other  advantages  peculiar  to  the  numerous  individual  types  we  build  are 
explained  in  Catalog  J  40-40. 

Perhaps  you  have  a  copy.     If  not,  give  us  your  address ;  here's  ours  : 


THE   JEANESVILLE   IRON  WORKS  CO. 


WORKS:  HAZirrON.  PA. 


Branch  Offices  In  All  Principal  Cities 


J  M.rs 
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ECONOMY  OF  OPERATION   IN  THE 

CONTINUOUS  HAULAGE  OF  MINE  CARS 

IS   OF   VITAL   IMPORTANCE    IN    CUTTING 
DOWN  THE  COST  OF  COAL  PRODUCTION 

Jeffrey  Wire  Cable  Conveyers  solve  the  problem 


This  illustration  shows  a 
Jefifrey  Wire  Cable  Car  Haul 
delivering  cars  to  the  tipple 
at  the  Plant  of  the  Bi);j  Five 
Coal  Co.,  Stewartsville,Ohio. 
Handles  four  cars  per  minute. 

This  Car  Haul  is  provided 
with  a  safety  brake  which 
prevents  the  loaded  cars 
from  reversing  the  haul  in 
case  of  accident.  Other  ar- 
rangements are  provided 
which  makes  it  possible  for 
either  the  man  at  the  dump 
or  the  man  uncoupling  cars 
at  the  foot  of  the  incline  to 
control  the  operation  of  the 
haul. 

Equipment  at  this  mine  including  Tipple,  Car  Haul,  Cross- 
Over  Dump,  Coal  Cutting  Machines,  etc.,  was  designed,  con- 
structed and  equipped  by  us. 

We  will  be  grlad  to  furnish  details  of  this  installation  as 
well  as  catalogrs  on  our  Complete  Tipple,  Coal  Clean- 
ing: And  Coal  Miniugr  Equipments.    Write  us  to-day. 

The  Jeffrey  Manufacturing  Company 

COLUMBUS,  OHIO 
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OFFICERS. 

For  the  year  ending  Pebru«ry,  19x3. 
COUNCIL* 

Pbesidbnt  of  thb  Council. 

JAMES  F.  KEMP New  York,  N.  Y. 

(Tenn  expires  Febroary,  1918.) 

Vioe-Pbesidents  op  the  Council. 

8.  B.  CHRISTY Berkeley,  Cal. 

R,  V.  N0RRI8 Wilkes-Barrb,  Pa. 

GARDNER  F.  WILLIAMS Washington,  D.  a 

(Tenn  expires  February,  1918.) 

KARL  EILERS JNTbw  York,  N.  Y. 

WALDEMAR  LINDGREN Washington,  D.  C. 

BENJAMIN  B.  THAYER New  York,  N.  Y. 

(Term  expires  February,  1914.) 

Councilors. 

ROBERT  E.  JENNINGS New  York,  N.  Y. 

WILLIAM  KELLY Vulcan,  Mjch. 

HENNEN  JENNINGS New  York,  N.  Y. 

(Term  expires  February,  1918.) 

A.  R  CARLTON Cripple  Creek,  Colo. 

W.  J.  OLCOTT DuLUTH,  Minn. 

K  L.  YOUNG New  York,  N.  Y. 

(Term  expires  February,  1914.) 

JOHN  H.  JANEWAY,  Jr New  York,  N.  Y. 

SIDNEY  J.  JENNINGS New  York,  N.  Y. 

JOSEPH  W.  RICHARDS South  Bethlehem,  Pa. 

(Term  expires  February,  1915.) 

Secretary  of  the  Council  and  Editor. 

JOSEPH  STRUTHERS,  29  W.  39th  St New  York,  N.  Y. 

(Term  expires  February,  1918.) 

Secretary  Emeritus  op  the  Council. 
tt  W.  RAYMOND New  York,  N.  Y. 

CORPORATION. 

JAMES  F.  KEMP,  President;  EDMUND  B.  KIRBY,  Vice-Pierident ; 

FRANK  LYMAN,  Treasurer ;  GEORGE  C.  STONE,  Secretary ; 

JOSEPH  STRUTHERS,  Assistant  Secretary  and  Assistant  Treasurer. 

Directors. 

JAMES  GAYLEY,  CHARLES  KIRCHHOFF,  FRANK  LYMAN. 
(Term  expires  February,  1918.) 

JAMES  DOUGLAS,  JAMES  F.  KEMP,  ALBERT  R.  LEDOUX. 

(Term  expires  February,  1914.) 

EDMUND  B.  KIRBY,  CHARLES  F.  RAND,  GEORGE  C.  STONE. 

(Term  expires  February,  1915.) 

Consulting  Attorneys,  Blair  &  Rudd,  New  York,  N.  Y. 

*  Secretary's  Note. — The  Council  is  the  professional  body,  having  charge  of 
the  election  of  members,  the  holding  of  meetinss  (except  business  meetings),  and 
the  publication  of  papers,  proceedings,  etc  Tne  Board  of  Directors  is  the  body 
legally  responsible  for  the  business  management  of  the  Corporation. 
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COMMITTEES. 

For  the  year  ending  February,  19x3. 
COUNCIL. 

Membership: — Joseph  Struthers,  Earl  Eilers,  Sidney  J.  JenDings,  Benjamin  BL 
bayer,  John  H.  Janeway,  Jr. 

PubUeations: — Joseph  Struthers,  Omrman;  Dayid  W.  Bran  ton,  Samuel  B. 
iristy,  Albert  L.  Colby,  Nathaniel  H.  Emmons,  Charles  H.  Fulton,  Jamea 
nyley,  H.  O.  Hofman,  Henry  M.  Howe,  Walter  B.  Ingalls,  James  F.  Kemp, 
.  V.  Norris,  Edward  D.  Peters,  Rossiter  W.  Baymond,  Joseph  W.  Bicharda^ 
Qbert  H.  fUchaids,  Albert  Sauyeur,  Henry  L.  Smyth,  Arthur  L.  Walker. 
jbwiandl^edlHmaitm: — Charles  Kirchhoff,  Chairman;  Charles  F.  Band,  Vie^ 
iatrman;  Bradley  Stoughton,  Secretary;  John  Blrkinbine,  James  Qaj ley,  Henry 
.  Hibbard,  Henry  M.  Howe,  Robert  W.  Hunt,  Julian  Kennedy,  Charles  K. 
eith,  Bichaid  Moldenke,  Joseph  W.  Bichards,  Albert  Sauveur,  F.  W.  C. 
^niewind,  A.  A.  Stevenson,  Felix  A.  Vogel,  Leonard  Waldo,  William  B. 
^ebster. 

CORPORATION. 
Finance : — Charles  F.  Band,  James  Gayley,  George  C.  Stone. 
Library : — James  F.  Kemp,  Charles  Eirchhoff,  George  C.  Stone. 
Land  Fund: — James  Douglas,  Chairman;  Theodore  D wight,  Treasurer;  T.  F» 
)le,  Anton  Eilers,   James  Gayley,  John  Ha^  Hammond,   Charles  Eirchhoff, 
Lbert  R.  Ledouz,  Frank  Lyman. 


INSTITUTE  REPRESENTATIVES. 

UfUted  Engineering  Society  Trustees: — Joseph  Struthers  (1913),  Theodore  Dwight 
914),  James  F.  Eemp  (1915). 
Joini  Oon/erenee  Ocmmittee  0/  the  Four  National  Engineering  Societies: — James 

Eemp,  Joseph  Struthers. 

John  Fritz  Medal  Board  of  Award :--'E,  Gybbon  Spilsbury  (1913),  R.  V.  Norris 
914),  Charles  Eirchhoff  (1915),  J.  F.  Eemp  (1916). 

American  Association  /or  the  Advancement  0/  Science : — H.  O.  Hofman,  John  D. 
▼ing. 

Oommdttee  No,  24,  Intemational  Association  for  Testing  Materials: — Henry  D.  Hib- 
.rd. 

LUematicnal  Engineering  OongresSf  San  Francisco^  1915  : — Samuel  R  Christy, 
lUiam  C.  Ralston,  Edwin  T.  Blake. 

Kdvin  Memorial  Oommittee:—JsimeB  F.  Eemp,  Samuel  B.  Christy,  James  Doug- 
B,  Joseph  Strathers. 
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Affiliated  Student  Societies. 

Any  society  of  undergraduates  at  a  technical  school,  comprising 
students  in  any  branch  of  engineering,  metallurgy,  chemistry,  geol- 
ogy, etc.,  may  be  recognized  by  the  Council  in  its  discretion  as  an 
Affiliated  Student  Society.  A  circular  giving  details  of  the  plan  of 
affiliation  may  be  obtained  on  application  to  the  office  of  the  Sec- 
retary of  the  Institute. 

The  following  societies  have  been  placed  by  authority  of  the 
Council  on  the  above  list : 

Affiuatsd  Student  Socibties. 

The  Mining  Society  of  the  Sheffield  Scientific  School,  Yale  UniTetsity,  New 
Haven,  Conn.     JFVesuW,  Earl  C.  Stadtmiller ;  Secretary y  S.  R  Gordy. 

The  University  of  Illinois  Student  Branch  of  the  American  Institute  of  Mining 
Engineers,  ChampaigUi  IlL   President^  Leonard  V.  Newton  ;  Secretary,  L.  W.  Swett. 

The  Engineering  Society  of  the  University  of  Nevada,  Beno,  Nev.  Presideni, 
D.  £.  Bruce ;  Secntaryy  B.  M.  Seaton. 

The  University  of  Wisconsin  Mining  Club,  Madison,  Wis.  Presidentf  Rudolph 
J.  Stengl ;  Secretary,  Mack  C.  Lake. 

The  Mining  and  Geological  Society  of  Lehigh  University,  South  Bethlehem, 
Pa.     Preddent,  Willis  B.  Clenmiitt ;  Secretary,  W.  Clifford  Rehfuss. 

The  School  of  Mines  Society  of  the  University  of  Minnesota,  Minneapolis, 
Minn.    PregidciU,  Emory  P.  Baker. 

The  Mining  Engineering  Society  of  the  Massachusetts  Institute  of  Technology. 
President,  L.  R  Duke ;  Secretary,  Lionel  H.  Lehmaier. 

The  Student  Auxiliary  Society  of  the  American  Institute  of  Mining  Engineers 
of  the  University  of  Kansas,  Lawrence,  Kan.  President,  A.  H.  l£uigelsdorf ; 
Secretary,  C.  J.  Hainbach. 

The  Associated  Miners  of  the  University  of  Idaho,  Moscow,  Idaho.  President, 
James  W.  Gwinn ;  Secretary,  J.  Wallace  Strohecker. 

The  State  College  of  Washington  Mining  and  Geological  Society,  Pullman, 
Wash.    President,  H.  R  Doelle ;  Secretary,  B.  R.  Kinney. 

The  Tejas  Technical  Society,  School  of  Mines,  University  of  Texas.  JFVesi- 
dent,  G.  C.  Cartwright ;  Secretary,  David  S.  Alley. 

The  Ohio  State  University  Student  Branch  of  the  American  Institute  of  Mining 
Engineeis,  Columbus,  Ohio.     President,  Hugh  R  Lee ;  Secretary,  K  P.  Elliott. 

The  Stanford  Geology  and  Mining  Society,  Stanford  University,  Cal.  President, 
B.  £.  Parsons ;  Secretary,  E.  D.  Nolan. 

The  Senior  Mining  Society  of  Columbia  University,  New  York,  N.  Y.  PreMenl^ 
Roger  L.  Strobel ;  Secretary,  Clark  G.  Mitchell. 

Mining  Association  of  the  University  of  California,  Berkeley,  CaL  Preair 
dent,  Frank  L.  Wilson  ;  Secretary,  Stanley  L.  A  mot. 

Tufts  College  Chemical  Society,  Tufts  College,  Mass.  President,  P.  G.  Savage  ; 
Secretary,  W.  S.  Frost. 

University  of  Washington  Mining  Society,  Seattle,  Wash.  President,  Horace 
H.  Crary  ;  Secretary^  Clinton  R.  Lewis. 

Student  Branch  of  the  American  Institute  of  Mining  Engineers,  Iowa  State 
College,  Ames,  Iowa.     President,  M.  B.  Hadley  ;  Secretary,  R.  L.  Hunt. 

Missouri  Mining  Association  of  the  Missouri  School  of  Mines,  RoUa,  Mo. 
President,  D.  L.  Forrester ;  Secretary,  J.  S.  Irwin. 

The  Pick  and  Shovel  Club  of  the  Case  School  of  Applied  Science,  Cleveland, 
Ohio.     President,  L.  B.  Riddle  ;  Secretary,  S.  C.  Stillwagon. 

Colorado  School  of  Mines  Scientific  Society,  Golden,  Colo.  Presidentt  Alan 
Kissock ;  Secretary,  George  Wilfley. 

Mining  Engineering  Society  of  the  University  of  Arizona,  Tucson,  Ariz.  Presi- 
dent, James  J.  Fianigan  ;  Secretary,  H.  O.  Coles. 
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INSTITUTE  ANNOUNCEMENTS. 

Special  Notice. 

The  BuUetin  is  now  entered  at  the  Post  Office  at  Second-Class 
Postage  rate  of  one  cent  per  pound,  and  in  order  to  preserve  this 
privilege  it  is  necessary  that  the  dues  of  members  be  paid  within  four 
months  of  January  1  of  each  vear.  If  the  dues  are  not  paid  within 
the  period  mentioned,  a  member's  name  must  be  removed  from  the 
regular  subscription-list  and  the  BuUetin  mailed  at  the  transient 
second-class  postage  rate  of  one  cent  for  each  four  ounces  or  fraction 
thereof,  prepaid  bv  stamps  affixed.  It  is  therefore  earnestly  re- 
quested that  dues  be  paid  promptly — otherwise  the  Institute  will 
be  put  to  additional  expense  of  postage  and  to  added  labor  in  re- 
moving and  replacing  names  from  the  regular  list,  and  in  maintain- 
ing an  additional  separate  mailing-list 


Adjourned  Annual  Business  Meeting  of  the 
Institute. 

At  the  Annual  Business  Meeting  of  the  Institute,  Feb.  20, 1912,  it 
was  voted  to  postpone  the  consideration  of  the  proposed  amend- 
ments to  the  Constitution  Until  June  3,  1912,  and  the  meeting  ad- 
journed to  reconvene  on  that  date,  or  on  such  subsequent  date  as 
should  be  fixed  by  the  Special  Committee  of  Five  appointed  on 
Feb.  20,  and  the  Board  of  Directors  of  the  Institute,  acting  jointly. 

Due  to  various  causes,  including  absence  of  two  members  of  the 
Committee  in  Europe  for  two  months,  it  has  not  been  {)ossible 
for  the  Special  Committee  of  Five  to  complete  its  report  in  time  for 
preliminary  distribution  to  members  of  the  Institute,  and  considera- 
tion by  them  prior  to  June  3, 1912,  and  it  has  been  mutually  agreed 
by  the  Special  Committee  and  the  Board  of  Directors  to  postpone 
the  date  at  which  the  adjourned  meeting  shall  be  reconvened  from 
June  3, 1912,  to  Oct.  7, 1912. 


Nominating  Committee. 

At  the  meeting  of  the  Council,  June  28, 1912,  the  President  an- 
nounced the  appointment  of  the  following  Nominating  Committee 
to  present  names  for  officers  of  the  Institute  to  be  voted  upon  at  the 
Annual  Business  Meeting,  Feb.  18, 1913. 

Philip  N.  Moore,  St.  Louis,  Mo.,  Chairman, 

John  Birkinbine,  Philadelphia,  Pa. 

David  W.  Brunton,  Denver,  Colo. 

Seeley  W.  Mudd,  Los  Angeles,  Cal. 

Charles  P.  Perin,  New  York,  N.  Y. 

Arthur  L.  Walker,  New  York,  N.  Y. 
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Iron  and  Steel  Division. 

COMMITTEE. 

Charles  Kirchhoff,  Chairman, 

Charles  F.  Band,  Vvce-Chairman, 

Bradley  Stouohton,  Secretary ^  166  Broadway,  New  York. 

John  Birkinbine,  Robert  W.  Hunt,  F.  W.  G  Schniewind, 

James  Gay  ley,  Julian  Kennedy,  A.  A.  Steyenson, 

Henry  D.  Hibbard,  Richard  Moldenke,  Feli^  A.  Vogel, 

Henry  M.  Howe,  Joseph  W.  Richards,  Leonard  Waldo, 

Charles  E.  Leith,  Albert  Sauyeur,  William  R  Webster. 

Of  the  iron  and  steel  papers  to  be  presented  at  the  coming  meet- 
ing of  the  Institute,  to  be  held  in  Cleveland,  Ohio,  the  latter  part  of 
October,  the  following  are  now  printed,  and  will  soon  be  sent  to  all 
members  known  to  oe  interested  in  iron  and  steel,  and  to  any 
member  of  the  Institute  applying  for  them :     , 

The  Effect  of  Alumina  in  Blast-Furnace  Slags,  by  J.  E.  Johnson, 
Jr.,  Ashland,  Wis. 

A  Novelty  in  Open-Hearth  Steel-Furnace  Practice,  by  N.  E.  Mac- 
callum,  Phoenixville,  Pa. 

Notes  on  Ruflfs  Carbon-Iron  Equilibrium  Diagram,  by  Henry  M. 
Howe,  New  York,  N.  Y. 

There  are  being  printed  the  following»papers : 

The  Case-Hardenine  of  Special  Steels,  by  Albert  Sauveur  and  G. 
A.  Reinhardt,  Cambridge,  Mass. 

The  Utility  of  EflSciency-Records  in  the  Manufacture  of  Iron,  by 
John  J.  Porter,  Staunton,  Va. 

Notes  on  Titanium,  and  the  Cleansing-Efifect  of  Titanium  on 
Cast-Iron,  by  Bradley  Stoughton,  New  York,  N.  Y. 

Notes  on  the  Structure  of  Steel,  by  William  Campbell,  New  York, 
N.Y. 

The  Manufacture  of  Coke,  by  W.  H.  Blauvelt,  Syracuse,  N.  Y. 

Method  of  Surveying  and  Sampling  Diamond-Drill  Holes,  by  E. 
E.  White,  Ishpeming,  Slich. 

A  Comparison  of  the  Action  of  Various  Carbonizing  Materials,  by 
Robert  R.  Abbott,  Cleveland,  Ohio. 

An  Investigation  into  the  Relations  Existing  Between  Hardness 
as  Measured  by  the  Brinell  and  Scleroscope  Methods  and  Depth  of 
Carbonization  upon  Different  Kinds  of  Steel  Hardened  under  Dif- 
ferent Conditions,  by  Mark  A.  Ammon,  Cleveland,  Ohio. 

Among  the  papers  promised  for  the  Cleveland  meeting  are  the 
following : 

Blowing-In  of  Blast-Furnaces,  by  Ralph  H.  Sweetser,  Columbus, 
Ohio. 

On  Blast-Furnace  Air-Pressures,  by  J.  E.  Johnson,  Jr.,  Ashland, 
Wis. 
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Cuyuna  Iron-Ore  Range,  by  Walter  A.  Barrows,  Jr.,  Duluth, 
Minn.,  and  Carl  Zapflfe,  Brainerd,  Minn. 

The  Manufacture  of  Coke,  bv  P.  E.  Lucas,  Sydney,  C.  B. 

The  Heat-Treatment  of  Steel-Castings,  by  C.  D.  Young,  RoUa,  Mo. 

N.  M.  WittorfFs  Preliminary  Investigation  of  Primary  Crystalli- 
zation and  Subsequent  Physico-Chemical  Permutations  in  Iron- 
Carbon  Alloys  Containing  More  than  4  Per  Cent,  of  Carbon,  by 
Bradley  Stoughton  and  Simon  Marcus,  New  York,  N.  Y. 


Cleveland  Meeting. 

Preliminary  AnnouTicement, 

The  103d  meeting  of  the  Institute  for  the  presentation  and  dis- 
cussion of  technical  and  professional  papers  will  be  held  in  Cleve- 
land, Ohio,  during  the  latter  part  of  October,  1912,  probably  the 
29th,  30th,  and  31st.  Details  of  the  time  and  place  of  the  technical 
sessions,  committees,  and  other  matters  of  interest,  will  be  published 
later.  Special  attention  is  to  be  devoted  to  subjects  relating  to  the 
manufacture  of  iron  and  steel,  but,  in  addition  to  the  list  of  papers 
given  on  p.  vi,  there  will  also  be  presented  the  following: 

Centrifugal  Machines  as  Applied  to  Ore- Grading  and  Ore-Concen- 
trating, by  Godfrey  T.  Vivian,  Cornwall,  England. 

The  St.  Helen's  Mining  District,  Skamania,  Wash.,  by  Horace 
V.  Winchell,  Minneapolis,  Minn. 

Mine-Fires  in  Metalliferous  Mines,  by  George  J.  Young,  Reno, 
Nev. 

Present  Conditions  of  Mining  in  the  District  of  Vladivostok,  Sibe- 
ria, by  Albert  P.  J.  Bordeaux,  Vladivostok,  Siberia. 

The  Sampling  of  Gold-Bullion,  by  Frederick  P.  Dewey,  Washing- 
ton, D.  C. 

A  Titaniferous  Iron-Ore  Deposit  in  Boulder  County,  Colo.,  by 
E.  P.  Jennings,  Salt  Lake  City,  Utah. 

An  Experience  in  the  Use  of  Water-Power,  by  C.  M.  Myrick,  San 
Francisco,  Cal. 

Our  National  Resources  and  our  Federal  Government,  by  R.  W. 
Raymond,  New  York,  N.  Y. 

The  Ta-yeh  Iron-Ore  Deposits,  Hu-pei  Province,  China,  by  C.  M. 
Weld,  Lowmoor,  Va. 

Clinton  Iron-Ore  Deposits  in  Kentucky  and  Tennessee,  by  S. 
Whinery,  New  York,  N.  Y. 

The  Wood  Flotation-Process,  by  Henry  E.  Wood,  Denver,  Colo. 

A  Graphic  Solution  of  D'Arcy's  Formula  for  the  Transmission  of 
Compressed  Air  in  Pipes,  by  Nathaniel  Herz,  Lead,  S.  D. 

Other  papers  will  doubtless  be  received  before  the  meeting  takes 
place,  and  it  is  desired  that  all  manuscripts  be  sent  to  the  Sec- 
retary of  the  Institute  not  later  than  Oct.  10, 1912. 
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New  York  Local  Section. 

The  New  York  Local  Section  of  the  American  Institute  of  Mining 
Engineers  was  organized  Sept.  22, 1911.  All  members  of  the  Insti- 
tute residing  or  doing  business  within  50  miles  of  New  York  City 
constitute  the  membership  of  this  Section. 

During  1911  and  1912  the  Section  held  ten  meetings,  at  which 
the  following  papers  were  read  and  discussed : 

Iron-Ore  Mining  in  Cuba,  by  Jenning  S.  Cox,  Jr. 

Warren  Copper-Mining  District  of  Arizona,  by  Dr.  James  Doug- 
las.   (Preceded  by  a  dinner.) 

The  Iron  and  Steel  Industry  of  India,  bv  Charles  P.  Perin. 

The  Conservation  of  Health  and  life  in  Mining,  by  Dr.  Frederick 
L.  Hoffman. 

Practical  Safety  Devices,  with  Particular  Reference  to  Mining,  by 
Dr.  W.  H.  Tolman. 

The  Institute  Party  in  Japan,  by  Dr.  R.  W.  Raymond. 

The  South  African  Diamond-Fields,  by  Dr.  Gardner  F.  Williams. 

The  Design  and  Mechanical  Features  of  the  California  Gold- 
Dredge,  by  Robert  E.  Cranston.  (Joint  meeting  with  the  American 
Society  of  Mechanical  Engineers.) 

Iron-Mines  in  Swedish  Lapland,  by  Prof.  James  F.  Kemp. 

Flameless  Combustion,  by  Carleton  Ellis. 

The  Mineral  Relations  in  Copper  Sulphide  Ores  as  Revealed  by 
the  Microscope,  by  Prof.  L.  C.  (jraton  and  James  Murdoch. 

The  meetings  were  well  attended  and  appreciated,  as  was  evi- 
denced by  the  increased  and  regular  attendance.  The  committee 
decided,  in  February,  1912,  to  hold  smokers  in  the  oflSces  of  the 
Institute  at  the  close  of  the  meetings  to  promote  social  intercourse 
among  the  members. 

The  present  committee  desires  to  increase  further  the  activity  of 
the  members  of  the  Section,  and  has  formulated  the  following  tenta- 
tive plans  for  the  ensuing  year: 

Eight  meetings  will  be  held  during  the  year.  Five  of  these  will 
be  devoted  to  the  reading  and  discussion  of  technical  papers  on 
mining,  metallurgy,  electro-metallurgy,  milling,  and  geology.  The 
remaining  three  will  be  given  over  to  semi-popular  lectures  on  min- 
ing, metallurgy,  and  geology.  All  members  of  the  Section  will  be 
invited  to  attend  the  meetings,  and  ladies  will  be  invited  to  attend 
the  three  special  meetings.  Any  suggestions  which  members  may 
offer  to  the  committee  will  be  greatly  appreciated. 

George  F.  Kunz,  Chairman, 

E.  GvBBon  Spilsbury,   Vice-Chairman. 

Benjamin  B.  Lawrence. 

Thomas  Robins. 

Louis  D.  Huntoon,  Secretary, 

165  Broadway,  New  York,  N.  Y. 
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Spokane  Local  Section. 

A  very  successful  and  interesting  meeting  of  the  Spokane  Local 
Section  of  the  Institute  was  held  in  Republic,  Wash.,  July  26,  27, 
and  28,  about  50  members  and  guests  being  in  attendance. 

The  meeting  convened  in  Woodman  Hafl,  Republic,  on  the  even- 
ing of  July  26,  and  a  cordial  welcome  was  extended  by  the  Hon. 
J.  E.  Ritter,  Mayor  of  Republic.  Prof.  P.  A.  Thomson  presided,  in 
the  absence  of  the  Chairman,  R.  S.  McCaffery,  and  Vice-Chairman, 
G.  A.  Collins.  Edward  C.  Morse  presented  a  paper  on  the  San  Poll 
Mill,  which  was  followed  by  an  animated  discussion  of  the  various 
details  of  practice. 

On  July  27,  an  excursion  was  made  to  Eureka  Gulch,  visiting  the 
Quilp,  Surprise,  Lone  Pine,  Blacktail,  Knob  Hill,  Ben  Hur,  and 
San  Poll  Mines,  also  the  milling-plants  of  the  San  Poil  and  the 
North  Washington  Power  &  Reduction  Co.  An  informal  smoker 
and  entertainment  was  held  at  the  Republic  Theater  in  the  evening. 

The  morning  of  July  28  was  devoted  to  a  visit  to  the  Republic 
mine,  the  Princess  Republic  mine,  and  the  mill  of  the  Rathfon  Re- 
duction Co.  A  delightful  luncheon,  accompanied  with  excellent 
music,  was  served  at  noon  in  Woodman  Hall,  125  members,  guests, 
and  ladies  participating.  H.  W.  Newton,  Superintendent  and 
Metallurgist  of  the  mill  of  the  North  Washington  Power  &  Reduc- 
tion Co.,  gave  an  informal  talk  on  the  mill-practice,  drawing  special 
attention  to  the  recovery  of  gold  and  silver. 

A  brief  business  session  was  held  in  the  afternoon,  and  the  meet- 
ing concluded  with  a  visit  to  the  mill  of  the  North  Washington 
Power  &  Reduction  Co.  in  the  evening. 

L.  K.  Armstrong,  Secretary. 


A  New  Volume  on  Ore-Deposits. 

Ore-Deposits — a  continuation  of  the  "  Posepny  "  Volume. 

Comnrising  Papers  Descriptive  of  Ore-Deposits  and  Discussions  of 
Their  Origin,  Edited,  with  an  Introduction,  by  Dr.  S.  P.  Emmons. 
The  volume  contains  also  a  Biographical  Notice  of  Dr.  Emmons  by 
his  associate  and  friend.  Dr.  George  F.  Becker,  and  a  comprehensive 
Bibliographical  Index  of  the  Science  of  Ore-Deposits,  prepared  by 
Prof.  John  D.  Irving,  of  the  Sheffield  Scientific  School  of  Yale  Uni- 
versity. Dr.  Emmons  had  finished  his  editorial  work  and  written 
his  Introduction  before  his  lamented  death  in  1910 ;  and  the  Volume 
contains  his  last  words  upon  the  subject  to  which  he  had  given  the 
work  of  his  life,  and  on  which  he  was  justly  regarded  as  the  foremost 
authority. 

Further  details  concerning  time  of  publication,  price,  etc.,  will 
follow. 

Library   Research-Work. 

The  attention  of  members  of  the  Institute  is  again  directed  to  the 
research-work  done  by  the  librarian  and  his  assistants,  which  should 
attract  special  attention  from  those  members  who  have  no  access  to 
the  literature  of  subjects  in  which  they  may  be  interested. 
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During  the  year  1911  there  were  143  searches  made  for  members 
and  non-members  of  the  Founder  Societies,  and  copies  of  the  ref- 
erences have  been  preserved  for  the  use  of  others.  This  work  has 
been  largely  based  on  requests  sent  in  by  mail,  from  Japan,  South 
Africa,  Mexico,  Canada,  and  England,  as  well  as  from  different  parts 
of  the  United  States.  The  Librarian  is  confident  that  if  it  were 
more  widely  known  that  the  library  is  equipped  to  undertake  re- 
searches, the  demand  would  increase  beyond  the  ability  of  the 
present  force  to  handle  it.  The  library  receives  more  than  700  tech- 
nical periodicals  which  are  available  through  the  indexes  for  this 
special  purpose. 


Back  Volumes  of  the  Transactions. 

The  Board  of  Directors  has  authorized  the  following  offers  of  sets 
of  back  volumes  of  the  Transactions,  at  considerably  reduced  prices, 
to  Members,  Libraries,  and  Scientific  Societies : 

Per  Set 

I.  Five  volumes,  bound  in  half-morocco,  from  No.  36  (1906) 

to  No.  40  (1910), $20 

II.  Ten  volumes,  bound  in  half-morocco,  from  No.  31  (1902) 

to  No.  40  (1910),  including  Mexican  Volume,    .        .      35 

III.  Twenty  volumes,  bound  in  half-morocco,  from  No.  21 

(1893)  to  No.  40  (1910), 50 

IV.  Thirty  volumes,  bound  in   half-morocco,  from   No.  11 

(1883)  to  No.  40(1910), 60 

V.  Thirty-nine  volumes,  bound  in  half-morocco,  from  No.  1 

(1873)  to  No.  40  (1910),  with  the  exception  of  No.  10 

(1882),  but  including  index  for  Volumes  Nos.  1  to  35, 

and  Nos.  36  to  40,         .        .        .        .        ,        .        .76 

VI.  Nine  volumes,  bound  in  half-morocco,  from  No.  1  (1873) 

to  No.  9  (1881), 26 

Applications  should  be  addressed  to  Joseph  Struthers,  Secretary, 
29  West  39th  Street,  New  York,  N.  Y. 


The  Emmons  Research  Fellowship  of  Economic 

Geology. 

The  Committee  named  below  has  been  formed  by  friends  of 
Samuel  Franklin  Emmons,  late  of  the  United  States  Geological 
Survey,  to  consider  the  best  method  of  perpetuating  his  name.  It 
has  been  decided  that  the  memorial  to  him  shall  take  the  shape  of 
a  Research  Fellowship,  to  be  known  as  the  Samuel  Franklin 
Emmons  Research  Fellowship  of  Economic  Geology,  which  is  to  be 
administered  by  Prof.  James  F.  Kemp,  of  Columbia  University, 
New  York.  Subscriptions  are  invited  ty  his  friends  to  this  fund, 
which  the  Committee  has  fixed  at  $25,000. 

Members  of  the  Institute  who  desire  to  contribute  to  this  fund 
will  please  communicate  with  the  Treasurer,  Benjamin  B.  Lawrence, 
60  Wall  Street,  New  York. 
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The  Committee  consists  of  the  following : 

George  Otis  Smith,  Director,  U.  S.  Geological  Survey,  Wash- 
ington, D.  C. 

H.  L.  Smyth,  Harvard  University,  Cambridge,  Mass. 

James  Douglas,  99  John  Street,  New  York,  N.  Y. 

J.  A.  Holmes,  Director,  Bureau  of  Mines,  Washington,  D.  C. 

James  F.  Kemp,  Columbia  University,  New  York,  N.  Y. 

F.  W.  Bradley,  San  Francisco,  Cal. 

J.  Parke  Channing,  42  Broadway,  New  York,  N.  Y. 

Seeley  W.  Mudd,  1001  Central  Building,  Los  Angeles,  Cal. 

D.  W.  Brunton,  Denver,  Colo, 

H.  Foster  Bain,  420  Market  Street,  San  Francisco,  Cal. 

T.  A.  RicKARD,  London,  England. 

B.  B.  Lawrence,  60  Wall  Street,  New  York,  N.  Y. 


How  to  Use  the  "Transactions"  of  the  Institute. 

Buy,  a  copy  of  the  Com'pleie  Analytical  and  Alphabetical  Index  of  Vol- 
vmes  L  to  AXXV,,  inclusive;  also  the  new  Index  of  Volumes  XXXVI  to 
XL. 

Whether  you  do  or  do  not  own  a  full  set  of  the  Transactions^  these 
Indexes  will  make  all  of  the  material  contained  in  the  forty  volumes 
available  at  once  without  detailed  research  into  each  volume  sepa- 
rately. Moreover,  an  easy  search  will  show  what  particular  papers 
you  need  to  know  more  about,  and  perhaps  to  study.  Thus,  any 
person  possessing  these  Indexes  can  ascertain  at  once  what  has  been 
published  in  the  Transactions  on  a  given  question,  and  can  leam»  by 
writing  to  the  Secretary,  what  is  its  nature,  whether  it  is  still  to  be 
had  in  pamphlet  form,  wnere  it  can  be  consulted  in  a  public  library, 
at  what  cost  it  can  be  copied  by  hand,  etc.,  etc. 

In  shorty  to  those  who  own  complete  sets  of  the  Transactions,  these 
Indexes  will  be  a  great  convenience ;  but  to  those  who  do  not,  they 
will  be  a  professional  necessity. 

The  Index  Volumes  I.  to  XXXV.  is  an  octavo  of  706  pages,  con- 
taining more  than  60,000  entries,  duly  classified  with  sub-heaaings, 
and  including  abundant  cross-references.  The  limited  edition  is 
becoming  exhausted.  The  new  Index,  Volumes  XXXVI.  to  XL., 
supplementing  the  Index  Volumes  I.  to  XXXV.,  brings  the  classi- 
fied references  up  to  the  date  of  Volume  XL.,  June,  1910.  Prices : 
Index  Volumes  I.  to  XXXV.,  bound  in  cloth,  $5 :  bound  in  half- 
morocco,  to  match  the  Transactions,  $6.  Index  Volumes  XXXVI. 
to  XL.,  bound  in  cloth,  S1.5U;  bound  in  half-morocco,  $2.50. 
The  delivery  charges  will  be  paid  by  the  Institute  on  receipt  of  the 
above  price. 

Hydrographic  Chart. 

Owing  to  the  great  value  to  hydrographers  of  the  chart  contained 
in  the  paper,  A  Graphic  Solution  of  Kutter's  Formula,  by  L.  I. 
Hewes  and  Joseph  W.  Roe  (Bulletin  No.  29,  May,  1909,  p.  454),  a 
special  edition  for  oflBce  or  field  use  has  been  printed  on  durable 
cloth.  Copies  of  this  separate  chart  may  be  obtained,  at  a  cost  of 
60  cents  each,  on  application  to  the  office  of  the  Secretary  of  the 
Institute. 
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LIBRARY. 

American  Institute  of  Electrical  Engineers. 
American  Society  of  Mechanical  Engineers. 
American  Institute  of  Mining  Engineers. 
United  Engineering  Society. 

WiLMAM  P.  Cutter,  Librarian. 

The  libraries  of  the  above-named  Societies  are  open  from  9  a.m. 
to  9  P.M.  on  all  week-days,  except  holidays,  from  September  1  to 
June  30,  and  from  9  a.m.  to  6  p.m.  during  July  and  August. 

The  Library  contains  about  50,000  volumes,  including  sets  of  tech- 
nical periodicals  and  the  publications  of  scientific  and  technical 
societies. 

The  members  of  the  Institute,  with  few  exceptions,  are  by  the 
very  nature  of  their  profession  forced  to  spend  a  large  portion  of 
their  time  in  localities  isolated  from  sources  of  information.  To 
such  members  the  Library  can  render  valuable  service  through  cor- 
respondence, and  letters  requesting  information  will  receive  special 
attention.  The  Library  is  prepared  to  furnish  references  and  copies 
of  articles  on  mining  and  metallurgical  subjects ;  to  determine,  if 
possible,  the  existence  of  mining-maps,  and  to  furnish  general  in- 
formation as  to  the  geology  and  mineral  resources  of  all  countries 
as  far  as  these  resources  are  known  and  published. 

It  is  hoped  that  the  members  of  the  Institute  will  avail  them- 
selves freely  of  this  special  service.  The  Library  will  welcome  in- 
quiries on  engineering  subjects,  and  furnish  information  as  far  as 
such  information  is  to  be  obtained. 

All  communications  should  be  made  as  definite  as  possible  so  that 
the  information  received  may  be  what  is  desired  and  not  include 
collateral  matter  which  may  not  be  of  interest.  In  this  wav  the  time 
spent  in  searching  for  such  collateral  matter  will  be  saved,  and  as  a 
result  the  information  will  be  sent  more  promptly  and  in  more  usable 
shape. 

Tne  members  of  the  Institute  can  be  of  service  to  the  Library  by 
forwarding  copies  of  mining-reports,  maps  privately  issued,  and 
similar  material,  which  will  oe  classined,  indexed,  and  made  avail- 
able to  other  members. 

Suggestions  for  additions  to  the  Library,  either  by  purchase  or 
personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that 
members  while  in  the  city  will  use  the  Library  freely,  and  assur- 
ance is  given  that  most  careful  service  will  be  rendered  to  them. 
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Library  Accessions. 

Aag.  1  to  Aug.  31,  1912. 

[Copies  of  the  list  of  additions  to  the  LibrarieB  of  the  American  Society  of 
Mechanical  Engineers  and  the  American  Institute  of  Electrical  Engineers  can 
be  obtained  on  application  to  the  Secretary  of  the  American  Institute  of  Mining 
Engineers.] 

Album  of  Dsawinob  Bbultino  to  Blast-Furnace  Conotkugtion.    (In  Rus- 
sian).   Bj  M.  A.  Pavloff.     Ekaterinoalav,  1902.     (Purchase.) 
Album  of  Dbawinos  Bblating  to  the  Manufagtcjbb  of  Ofen-Heabth  Steel. 

Ed.  2.    By  M.  A.  Pavloff.     St  Petersburg,  1908.     (Purchase.) 
American  CHEiacAL  Society.    Directory,  1912.    N.  p.,  1912.    (Exchange.) 
Amebican  Electrochemical  Society.    Transactions.    Vol.  XXI.,  1912.  South 

Bethlehem,  1912.     (Exchange.) 
American  Foukdbymen's   Association.     Transactions.      Vols.   XIX.,   XX. 

Watchung,  1911,  1912.     (Exchange.) 
Amebican  iNfinTUTE  of  Chemical  Engineers.    Transactions.    Vol.  IV.,  1911. 

New  York,  1912.     (Exchange.) 
Abchiteots'  Benevolent  Society.   Beport  of  the  Council,  19 1 1.    List  of  Donors 

and  Annual  Subscribers  by-laws.     London,  1912.     (Gift  of  Royal  Institute  of 

British  Architects. ) 
Bebgwerks  Inspektionik  Orterreich,  1909.    Wien,  1912.     (Exchange.) 
Biblioorafhie  deb  fbemdbfbachigen  Zeitschbiftenliteratur.     Band  II., 

19n.     By  F.  Dietrich.     Leipzig,  1912.     (Purchase.) 
Boston  Society  of  Civil' £ngineeb&     Year  Book,  1912-13.    Boston,  1912. 

(Exchange.) 
British  Association  for  the  Advancement  of  Science.    Report,  1910,  1911. 

London,  1911-1912.     (Purchase.) 
Britibh  Columbia.     Ministeb  of  Mines.    Annual  Report,  1911.    Victoria, 

1912.     (Exchange.) 
Canada.     Mines  Dpabtment.    Catalogue  of  Publication  of  the  Mines  Branch, 

1907-1911.     CHtawa,  1912.    (Exchange.) 

Memoir,  Nos.  24-E.,  2S.     Ottawa,  1912.     (Exchange.) 

Cablyle  Oil  Field  and  Subboundino  Tbbbitoby.  By  E.  W.  Shaw.  (Ex- 
tract from  Bulletin  20,  Illinois  State  Geological  Survey. )  Urbana,  1912.  (Ex- 
change. ) 

Cabneqie  Museum.  Annual  Report  of  the  Director,  15th,  1912.  Pittsburgh, 
1912.     (Gift  of  Carnegie  Museum. ) 

Founder's  Day,  1912.     Pittsburgh,  1912.     (Gift  of  Carnegie  Museum. ) 

Coal  Resoubcbs  of  New  South  Wales.     By  E.  F.  Pittman.    Sydney,  1912. 

(Exchange.) 
CouBS  DE  Metallubqie  des  M&taux  Autbes  que  le  Feb.     Par  Eug.  Prost 

Paris,  1912.     (Purchase.) 
Effect  of  Stemming  on  the  Efficiency  of  Explosives.    (Technical  Paper  No. 

17,  U.  S.  Bureau  of  Mines.)     Washington,  1912.     (Excoange.) 
Ebfobschuno  und  Abwenduno  deb  Kohlekstaub-Explosionen.      Zweiter 

Beitrag.     By  A.  Padour.     Teplitz-Schonau,  1911.     (Purchase.) 
Fabbication  DE  l'Acieb.     Par  H.  Noble.    Paris,  1905.     (Purchase.) 
Die  Flusbigen  Heizmatebialien  und  ihbe  Anwendunq.     By  F.  A.  Ross- 

massler.     Wien-Leipzig,  1910.     (Purchase.) 
Fbanklin  Institcte  School  of  Mechanic  Abts.     Announcement,  89th  year, 

1912-13,    Evening  Courses   and    Classes.      Philadelphia,    1912.      (Gift  of 

Franklin  Institute.) 
Geology  and  Obe-Deposits  of  the  Butfe  Distbict,  Montana.    By  W.  H. 

Weed.     (Professional  Paper  No.  74,  U.  S.  Geological  Survey. )    Washington, 

1912.     (Exchange.) 
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Geology  op  Steeprock  Lake,  Ontario.  (Memoir  No.  28,  Canada  Mines  De- 
partment.)   Ottawa,  1912.     (Exchange.) 

Gewebbltche  Veboiftukgen  debek  Vorkommen,  Ebscheinungen,  Behanik 
LUNG  VERHtJTDNO.     Bj  J.  Rambousek.     Leipiig,  1911.     (Purchase.) 

Great  Britain  Patent  Office  Library.  Subject  List  of  Works  on  Mineral 
Industries.     Pts.  2-3.     London,  1912.     (Exchange.) 

Handbuch  der  Mineralghemie.  Pt.  4.  By  C.  Doelter.  Dresden,  1912. 
(Purchase. ) 

Ignition  of  Gas  by  Miniature  Electric  Lamps  with  Tungsten  Filaments. 
(Technical  Paper  No.  23,  U.  S.  Bureau  of  Mines.)  Washington,  1912.  (Ex-^ 
change.) 

L'  Industrie  Houillere  du  Department  du  Nord.  B7  M.  Mettrier.  N.  p., 
n.  d.     (Purchase.) 

Introduction  to  the  Study  of  Fuel,  By  F.  J.  Brislee.  London,  1912. 
(Purchase.) 

Iridosmine  from  the  New  Bietfontbin  Mines  :  Its  Occurrence,  Analysis. 
AND  Genesis.  By  C.  B.  Horwood.  (From  the  Transactions  of  the  Geological 
Society  of  South  Africa,  Vol.  XV,  1912. )     (Gift  of  Author. ) 

Iron  and  Steel  Institute.  Carnegie  Scholarship  Memoirs.  Vol.  IV.  Lon- 
don, 1912.    (Exchange.) 

Charter,   By-Laws,   and  List  of  Members,  July,  1912.     London,  1912. 

(Exchange.) 

Japan.  Financial  and  Economic  Annual,  12th,  1912.  Tokyo,  1912.  (Gift  of 
Japan  Department  of  Finance. ) 

Kerosene  Shale  Deposits  of  New  South  Wales.  (Memoirs,  Geology,  No.  8. 
New  South  Wales  Geological  Survey.)    Sydney,  1903.    (Exchange.) 

Der  **Mabuki*'-Proze8S.  By  Voichi  Okada.  Freiberg  in  Sachsen,  1911. 
(Purchase. ) 

Manchester  Association  of  Engineers.  Transactions,  1910-1911.  Manches- 
ter, 1911.     (Exchange.) 

Magazines  and  Thaw  Houses  for  Explosives.  (Technical  Paper  No.  18, 
U.  S.  Bureau  of  Mines. )     Washington,  1912.     (Exchange. ) 

Metallgesellschaft.  Metallbank  und  Metallurgische  Gesellschaft  Aktienge- 
sellschaft  Comparatiye  Statistics  of  Lead,  Copper,  Spelter,  Tin,  Aluminium, 
Nickel,  Quicksilver,  and  Silver.  18th  Annual  Issue,  1902-1911.  Frankfort 
on  Main,  1912.     (Gift  of  Metallbank  und  Metallurgische  Gesellschaft. 

Metallurgical  Manual  of  Iron  and  Steel.  By  Horace  Allen.  London, 
1911.     (Purchase.) 

Metallurgische  und  technologische  Studien  auf  dem  Gebiste  der  Legi- 

ERUNGS-InDUSTRIE  INSBESONDERE  tTBEB   DAB  AUSGLUHEN  VON    MeTALLEN 

UND  Legierungen.     By  Max  Weidig.     Berlin,  1912.     ( Purchase. ) 
Michigan.     Department  of  Labor.    Annual  Report,  29th.     Lansing,  1912. 

(Exchange. ) 
Mining  Law  of  the  British  Empire.     By  C.  J.  Alford.     London,  1906. 

(Purchase.) 
Mining  Society  of  Nova   Scotia.     Journal.     Vol.   XVI.     Halifax,   1911.. 

(Exchange.) 

MiTTEILUKGEN    AUS    DEM    ElSENHtJTTENMANNISCHEN    InSTTTUT    DER    EONIGL. 

Techn.   Hochschule   Aachen.    By  F.  Wiist.     Vols.  I-IV.    Halle  a/S., 

1906, 1908, 1909,  1911.     (Purchase. ) 
New  Orleans.    Sewerage  and  Water  Board.     24th  Semi- Annual  Report. 

New  Orleans,  1911.     (Gift  of  Sewerage  and  Water  Board. ) 
New  South  Wales.    Geological  Survey.    Memoirs.    Geology,  No.  3.    8yd- 

nev,  1903.     (Exchange.) 
New  Zealand  Institute.    Transactions  and  Proceedings.    Vol.  XLIV. ,  1911. 

Wellington,  1912.     ( Exchange. ) 
Onondaga  Fauna  of  the  Allegheny  Region.    By  E.  M.  Kindle.    (Bulletin. 

No.  508,  U.  S.  Geological  Survey.)     Washington,  1912.     (Exchange.) 
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Dbb  P&AKTI8CHE  HocHOFENBETiiiEB.     Bj  Theodor  Bender.    Halle  a/S.,  1910. 

(Purchase.) 
Pbeukinabt  Report  on  the  Clay  and  Shale  Deposits  of  the  Weoterk 

Provinces.    By  H.  Ries  and  J.  Keele.     (Memoir  No.  24-E,  Canada  Minea 

Department)    Ottawa,  1912.     (Exchange.) 
Results  of  Spirit  Levelino  in  Alabama,  1911.    (Bulletin  No.  617,  U.  S. 

Geological  Surrey.)    Waahington,  1912.     (Exchange.) 
Royal  Society  OF  Victoria.    Proceedings.    VoL  XXIV.,  Pt.  IL     Melbourne, 

1912.     (Exchange.) 
Society  for  the  Promotion  of  Engineering  Education.    List  of  Members, 

1912.     Lancaster,  1912.     (Gift  of  R.  W.  Raymond.) 
Stixler' 8  Hand  Atlas.    Gotha,  1912.     (Purchase.) 
Story  of  Coal  and  Iron  in  Alabama.    By  Ethel  Annes.    Birmingham,  1910. 

(Purchase.) 
SuRVETOBB'  Institution.    List  of  Members,  1912.     Westminster,  1912.     (Ex- 
change.) 
Die  Tschnix  in  der  Eissnoibbsxrxi  und  praktische  Wissbnschaft.    Ed. 

IV.     By  A.  Messerschmitt     Essen  a.  d.  Ruhr,  1909.    (Purchase.) 
Thborie  und  Praxis  der  Staubverdichtuno  und  der  Reinigung  und  Ent- 

STAUBUNG  VON  Gasen.     By  C.  Guillemain.     Halle  a/8.,  1911.    (Purchase.) 
Transmission  of  Heat  into  Steam  Boilers.     (Bulletin  No.  18,  U.  S.  Bureau 

of  Mines.)     Washington,  1912.     (Exchange.) 
Treatise  on  Ceramic  Industries.    By  Emile  Bourry.    London,  1911.     (Pur- 
chase.) 
Treatise  on  Hydraulics.     Ed.  9.     By  Mansfield  Merriman.     New  York,  J. 

Wiley  &  Sons,  191 2.    Price  $4  net.     (Gift  of  Publishers. ) 

S^ote. — Since  the  first  publication  of  this  treatise,  in  1889,  it  has  gone  through 
t  editions,  and  in  190^1910,  the  eighth  edition  was  printed  eight  times,  with 
annual  changes  and  corrections.  The  total  issue  of  S7, 000  copies — an  extraordinary 
number  for  a  work  of  this  character — is  a  striking  evidence  of  the  value  of  the 
book,  as  reco^zed  by  those  for  whose  use  it  was  intended.  Probably  no  other  one 
of  the  long  list  of  treatises  which  have  come  from  the  pen  of  this  distinguished 
veteran  in  technical  authorship  has  received  so  wide  a  welcome.  One  ob?iou8> 
reason  is  the  circumstance  that,  ss  compared  with  his  works  on  other  engineering 
subjects  (even  including  the  American  Civil  Engineers*  Pocket- Book,  of  which  he 
has  been  since  1908  editor-in-chief),  this  one  worthily  occupies  a  field  not  crowded 
with  competitors. 

But,  in  the  progress  of  engineering,  there  must  come  a  time  for  every  such  trea- 
tise whf  n  successive  additions  and  modifications  will  no  longer  keep  it  up-to-date. 
Recognizing  this  inevitable  necessity,  Prof.  Merriman  has  reconstructed  the  whole 
book,  with  the  competent  aid  of  his  son  Mr.  Thaddeus  Merriman  (himself  also  a 
memoer  of  the  American  Society  of  Civil  En^neers),  so  that  this  ninth  edition  is 
practically  a  new  treatise,  preserving  what  is  still  valuable  in  older  theory  and 
practice,  while  giving  adequate  space  and  effect  to  the  modem  developments  of 
Doth.  It  is  needless  to  say  that  the  work  has  been  well  done.  Among  the  new 
topics  treated  for  the  first  time  are  hydraulic  instruments  and  observations  (in- 
cluding methods  of  measuring  pressures  and  velo<-itie8)  and  pumps  and  pum})ing 
(including  a  discussion,  from  the  standpoint  of  hydraulics,  of  the  various  macmnes 
for  raising  water).  But  there  are  many  other  new  subjects,  not  treated,  like  these, 
in  separate  chapters,  but  disper^d  through  the  text,  illustrated  with  problems,  and 
accompanied  with  an  increased  abundance  of  references  to  technical  literature. — 
R.  W.  R] 

U.  8.  Agriculture  Department.  Year  Book,  1911.  Washington,  1912.  (Ex- 
change.) 

TJ.  S.  Geological  Survey.  Bulletin  Nos.  508,  617.  Washington,  1912.  (Ex- 
change.) 

Professional  Paper  No.  74.    Washington,  1912.     (Exchange.) 

U.  8.  Mines  Bureau.    Bulletin  No.  18.    Washington,  1912. 

Technical  Paper  Nos.  17,  18,  23.     Washington,  1912.     (Exchange. ) 
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U.  S.  Ordnancx  Defabtv ent.     Beport  of  the  Tests  of  Metals  and  other  Ma- 

terialsy  1911.     Washington,  1912.     (Exchange.) 
Victoria.    Gbologicai.  Survey.     Bulletin  Nos.  18-23.     Melbourne,  1906-07, 

(Exchange.) 

Mines  Department.  Memoirs.  Nos.  4-10.  Melbourne,  1907-11.  (Ex- 
change. ) 

Honorable  Peter  White.  A  Biographical  Sketch  of  the  Lake  Superior  Iron 
Country.     By  R.  D.  Williams.     Cleveland,  1907.     (Purchase.) 

Who's  Who  in  Ohio  State  University  Association,  1912.  Columbus,  1912. 
(Exchange.) 

Zbitschript  PtJR  ANOROANiscHE  Chemie.  Vols.  70-76,  77,  R.  1.  Leipzig, 
1911-12.     (Purchase.) 

ZusAMMENBETZUNo  DER  gebrIuchlichen  Metalleoierungen.  By  WUhelm 
Kaiser,     fialle  a/S. ,  1911.     (Purchase. ) 

Gift  of  Technische  Hooqeschool  a  Delft. 
SiEQER,  W.     Het  Aethyleeren  van  Chloorbenzol.     Amsterdam,  1912. 
Van  Amstel,  J.  K     De  Temperatuursinvloed  op  Physiologische  Prooessen  der 

Alcoholgist.    Amsterdam,  1912. 
Verhoeckx,  p.  M.     Proeve  eener  Theorie  van  het  Koteerend  Magnetisch  Veld. 

's  Gravenhage,  1912. 
Wentholt,  L.  R.     Stranden  en  Strand verdediging.     N.  p.,  n.  d. 
Atlas.     N.  p.,  n.  d. 

Trade  Catalogues. 

Ingersoll-Rand  Co.,  New   York,   N.  Y.      Oolden   Opportunities,    Jan.,  1912. 

Collected  letters  of  recommendation  on  the  Leyner  drill-sharpener.   48  pages. 
International  Oxygen  Co.,  New  York,  N.  Y.     I.  O.  C.  system  for  generating 

oxygen  and  hydrogen.     16  pages. 
Mesta  Machine  Co.,  Pittsburg,  Pa.     Plant  and  products  of  Mesta  Machine  Co. 

47  pages. 

United  Engineering  Society  Library. 

Ohio  Railroad  Commission.  Report,  1911.  Springfield,  1911.  (Gift  of  Ohio 
Railroad  Commission.) 

St.  Louis  Public  Library.  Annual  Report,  May  1,  1911- April  30,  1912.  St. 
Louis,  1912.     (Gift  of  St.  Louis  Public  Library.) 

'* Titanic''  Disaster.  Hearings  before  a  subcommittee  of  the  Committee  on 
Commerce,  United  States  Senate,  52d  Congress,  Second  Session.  Washing- 
ton, 1912.     (Gift  of  U.  S.  Senate  ) 

Gift  of  Association  of  American  Steel  Manufacturers. 

Standard  Specifications   for   CoNCRirrE    Reinforcement   Bars  Rolled 

from  Billets,  as  adopted  1910.     Revised  1912. 
Standard  Specifications  for  Structural  and  Boiler  Steel,  as  adopted 

Aug.  9,  1895.     Revised  1896,  1902,  1903  and  1912. 
Standard  Specifications  fob  Rail  Steel  Concrete  Reinforcement  Bars, 

as  adopted  1912. 
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MEMBERSHIP. 

New  Members. 

The  following  list  comprises  the  names  of  those  persons  elected 
as  members  who  accepted  election  during  the  month  of  August, 
1912: 

MewJberB. 

Dalton,  Michael  P.,  Mill  Supt MuIUd,  Idaho. 

OwiNN,  Jambs  W.,  Min.  Engr Kelloge,  Idaho. 

HoLDE&KR,  Georoe  B.,  Min.  Engr 166  Broadway,  Kew  York,  N.  Y. 

Inouye,  Tadashiro,  Prof,  of  Mining,  Tokyo  Imperial  Universitv, 

83  Shimo  osaki-machi,  Yebara-gori,  Tokyo  fu,  Japan. 
MiiiiiABD,  John  W.,  Proapector,  Soci^t^  Internationale  Minidre  et 

Forestidre  du  Ck>ngo,  Mission  Minidre  Baa  Congo,  Boma,  Congo  Beige, 

W.  Africa. 

MoBOAN,  Charles  G.»  Cons.  Engr Boalyn.  Waah. 

Peattie,  Clarence  G.,  Min.  Engr.. Empire  Steel  &  Iron  Co.,  Oxford,  N.  J. 

Saunders,  T.  Skewes,  Min.  Eogr.,  Teziiitlan  Copper  Co.,  Aire  Libre, 

Pue.,  Mexico. 

ScHiFFNEB,  Otto  E.,  Min.  Engr Dale,  via  Amboy,  Cal. 

Sbibert,  Pebcy  a.,  Mgr.,  Andes  Tin  Co.,  La  Paz,  Bolivia, 

So.  America,  yia  Panama. 

Van  Winkle,  Charles  T.,  Min.  Engr Scott  BM^.,  Salt  Lake  City,  Utah. 

Wilson,  Arden  Martin,  Mine  Mgr P.  O.  Box  2-2,  Telluride,  Colo. 

Associate. 
Martin,  Samuel  G.,  Minidg. 321  Boston  Bldg.,  Denver,  Colo. 

Candidates  for  Membership. 

The  following  persons  have  been  proposed  during  the  month  of 
August,  1912,  for  election  as  members  of  the  Institute.  Their  names 
are  published  for  the  information  of  members  and  associates,  from 
whom  the  Committee  on  Membership  earnestly  invites  confidential 
communications,  favorable  or  unfavorable,  concerning  these  candi- 
dates. A  sufficient  period  (varying  in  the  discretion  of  the  Com- 
mittee, according  to  the  residence  of  the  candidate)  will  be  allowed 
for  the  reception  of  such  communications,  before  any  action  upon 
these  names  by  the  Committee.  After  the  lapse  of  this  period,  the 
Committee  will  recommend  action  by  the  Council,  which  has  the 
power  of  final  election. 

Members, 

Herbert  Watson  Alden,  Detroit,  Mich. 

Proposed  by  H.  M.  Howe,  Henry  D.  Hibbard,  Bradley  Stoughton. 
Robert  Alexander  Bull,  Granite  City,  111. 

Proposed  by  Bradley  Stoughton,  Richard  Moldenke,  Charles  F.  Rand. 
Jamea  Paaooe  Caddy,  Kalgoorlie,  West  Australia. 

Propoaed  by  H.  R  Vail,  John  A.  Agnew,  J.  W.  Sutherland. 
F.  C  Frey,  Java,  Dutch  Eaat  Indies. 

Ppopoeed  by  Pope  Yeatman,  H.  H.  Webb,  R.  M.  Catlin. 
Carl  Goedicke,  San  Antonio,  Texas. 

Proposed  by  D.  W.  Reckhart,  W.  N.  Small,  J.  M.  Wines. 
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G.  F.  Hendricks,  Porcupine,  Ont,  Can. 

Proposed  bj  Louis  D.  fiuntoon,  Bradley  Stoughton,  Arthur  H.  Elliott. 
Masaaki  Hioki,  Akita,  Japan. 

Proposed  by  Edward  L.  Young,  S.  Yamanouchi,  T.  Kawamura. 
John  H.  Jones,  Spokane,  Wash. 

Proposed  by  L.  K.  Armstrong,  J.  V.  Richards,  Francis  A.  Thomson. 
Ira  Beaman  Joralemon,  Warren,  Arizona. 

Proposed  by  Max  Koesler,  Gerald  Sherman,  A.  B.  Ledoux. 
William  Howard  Lamb,  Jr.,  Corona,  Ala. 

Proposed  by  C.  A.  Mofiett,  John  R.  Pill,  Milton  H.  Fies. 
E.  C.  Limbach,  Loomis,  Wash. 

Proposed  by  L.  K.  Armstrong,  J.  V.  Richards,  J,  C.  Haas. 
Arthur  G.  McKee,  Cleveland,  Ohio. 

Proposed  by  S.  W.  Croxten,  M.  McMurray,  D.  T.  Croxton. 
Lee  Clayton  Morganroth,  Pittsburg,  Pa. 

Proposed  by  Charles  F.  Rand,  Bradley  Stoughton,  Jennings  S.  Cox,  Jr. 
Arthur  Notman,  Bisbee,  Ariz. 

Proposed  by  Max  Roesler,  Roger  T.  Pel  ton,  Walter  Douglas. 
Vernon  Stone  Rood,  Bingham  Canyon,  Utah. 

Proposed  by  Stanley  C  Sears,  J.  F.  Kemp,  E.  P.  Jennings. 
Bert  Norris  Sharp,  Republic,  Wash. 

Proposed  by  S.  H.  Richardson,  J.  V.  Richards,  L.  K.  Armstrong. 
Jasper  Holmes  Sheadle,  Cleveland,  Ohio. 

Proposed  by  M.  McMurray,  S.  W.  Croxton,  D.  T.  Croxton. 
Francis  J.  Simington,  Chicago,  111. 

Proposed  by  G.  H.  Cox,  Arthur  J.  Hoskin,  S.  W.  Berger. 
Alfrid  William  Skerritt,  Doten,  Korea. 

Proposed  by  A.  H.  Collbran,  J.  F.  Manning,  James  J.  Martin. 
James  W.  Tremlett,  Bisbee,  Ariz. 

Proposed  by  Walter  Douglas,  Gerald  Sherman,  Roger  T.  Pelion. 
Milton  F.  Webster,  Spokane,  Wash. 

Proposed  by  L.  K.  Armstrong,  J.  V.  Richards,  J.  C.  Haas. 
Frederick  Charles  Wilson,  Fel ton,  Cuba. 

Proposed  by  Charles  F.  Rand,  Jennings  S.  Cox,  Jr.,  James  £.  Little. 
Howard  Malcolm  Yeager,  Wallsend,  Ky.   . 

Proposed  by  Eli  T.  Conner,  H.  McKean  Conner,  G.  M.  Shoemaker. 

Associates, 
Benno  Elkan,  New  York,  N.  Y. 

Proposed  by  Benjamin  B.  Lawrence.  Thomas  W.  Stiles,  J.  E.  McAllister. 
Nelson  Sutro  Greensfelder,  Chewelah,  Wash. 

Proposed  by  J.  V.  Richards,  L  K.  Armstrong,  J.  C.  Haas. 

Changes  of  Address  of  Members. 

The  following  changes  of  address  of  members  have  been  received 
at  the  Secretary's  office  during  the  month  of  August,  1912.  This 
list,  together  with  the  lists  published  in  Bulletin  Nos.  63  to  68> 
March  to  August,  1912,  and  the  foregoing  list  of  new  members,  there- 
fore, supplements  the  annual  list  of  members  corrected  to  Feb.  1,. 
1912,  and  brings  it  up  to  the  date  of  Sept.  1,  1912. 

Allek,  Roy  H Care  Sierra  Plata  Mining  Co.,  V^illa  Escobedo,  Chih.,  Mexico. 

Berger,  W.  F.  B 825  Symes  Bldg.,  Denver,  Cola 

Bond,  JosiAH,  Mining tolnachi  Mine,  Alto,  Ariz. 

BoTSFORD,  Robert  S.,  Nicolaevo  Povdinsk  EsUte,  Kyshtim,  Vyia  Station, 

Bogoslovsk,  R.  T.,  Govt,  of  Perm,  Russia. 

Bowman,  Francis  Q Trojan,  S.  Dtu 

Brendel,  Robert Kaiser  Wilhelm  Str.  24,  Hannover,  Germany. 


Digitized  by 


Google 


Ambbigan  Institute  of  Mining  Enginbbrs.  xix 

BURRAI.L,  Fbedkrick  P ^09  W.  12l8t  St,  New  York,  N.  Y. 

CuARK,  Fred 410  Hearst  Bldg.,  San  Francisco,  Cal. 

CoPKLAKD,  Frsdk.  K 413  Peoples  Gas  Bidg.,  Chicago,  III. 

CROWLmr,  T.  Irwin Dome  Mine^  So.  Porcupine,  Ont,  Canada. 

Dake,  WAI.TBR  M.,  Jr.,  Pittsburgh-Silver  Peak  G.  M.  Co., 

P.  O.  Box  63,  Blair,  Nev. 

Dixon,  A.  Faison 101  Southampton  Bow,  Bussell  Sq.,  London,  W.,  England. 

Drake,  Noah  F Fayetteville,  Ark. 

EowARDB,  J.  Warner 318  14th  St.,  Denver,  Colo. 

Ellam,  Albert  S 30  Birkbeck  Road,  Acton,  London,  W.,  England. 

Gardner,  E.  D.,  Min.  Engr Forest  Service,  Missoula,  Mont. 

Gillette,  Halbert  P 608  S.  Dearborn  St. ,  Chicago,  111. 

Green,  George  G fiattelle,  De  KalbCo.,  Ala. 

Hamfeldt,  George  K S.  Hamngatan  17,  Gothenboun;,  Sweden. 

Harris,  Harold  J Thoburn  P.  O.,  near  Victoria,  B.  C.,  Canada. 

Heberlein,  Kdno  R,  Genl.  Mgr.,  Cia.  Minera  de  Penoles,  S.  A., 

Apartado  733,  Mexico  City,  Mexico. 

Hedges,  Joseph  H Apartado  25,  Guanajuato,  Mexico. 

Henderson,  J.  McC Springfield,  LaneCo.,  Ore. 

Hicks,  Charles  M Wytheville,  Va. 

HoLBERTON,  WALTER  T.,  Mgr.,  Soci^t^  Fnn^aise  de  Mines  de  Lenire, 

CoUahuasi,  La  Grande,  Antofagasta,  Chile,  S.  A. 
Huang,  Saosan  Ken,  Min.  Engr., Cambria  Steel  Co.,  P.O.  Box  202,  Johnstown,  Pa. 

Humphrey,  John  M 468  8.  Franklin  St.,  Wilkes-Barre,  Pa. 

Imhoff,  Wallace  G P.O.  Box  515,  Iron  Biver,  Mich. 

Janney,  T.  Gordon Leesburg,  Va. 

Kaedino,  Henry  B.,  Care  Am.  Inst,  of  Mining  Engineers, 

29  W.  39th  St.,  New  York.  N.  Y. 

Kennedy,  John  S Chambersburg,  Pa. 

Kennby,  Henry  S Box  3541 ,  Johannesburg,  Transvaal,  So.  Africa . 

Kirchen,  Charles Manhattan,  Nev. 

Kirk,  Morris  P Newhouse  Bldg.,  Salt  Lake  City,  Utah. 

Leggett,  Thomas  H.,  Cons.  Engr.,  Min.  Dept.,  Am.  Smelt  and  Befin.  Co., 

165  Broadway,  New  York,  N.  Y. 
Lewis,  Bobert  S.,  Asso.  Prof,  of  Mining,  University  of  Utah, 
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SUBJECT  TO  BEVI8I0W. 

[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  BNOINSBRtf.1 


The  OecGoiposition  of  Metallic  Sulphates  at  Elevated 
Temperatures  in  a  Current  of  Dry  Air. 

BT  H.  O.  HOFMAN  AND  W,   WANJOKOW,   MASS.  INSTITUTE   OF  TECHNOLOGY, 

BOSTON,   MASS. 

(New  York  Meeting,  February,  1912.) 

I.  Introduction. 

In  the  metallurgical  treatment  of  most  metallic  sulphides  it 
is  usually  necessary  to  carry  on  a  roasting-operation.  In  some 
cases  the  raw  ore  will  have  to  be  roasted ;  in  others  the  inter- 
mediary product,  matte,  produced  in  smelting  the  ore;  again, 
both  ore  and  matte  may  have  to  be  subjected  to  oxidation  at 
elevated  temperatures. 

Most  metallic  sulphides,  when  given  an  oxidizing-roast,  pass 
through  the  state  of  sulphate  before  they  are  converted  into 
oxides.  All  metallic  sulphates  are  completely  decomposed  by 
heat,  with  the  exception  of  those  of  lead  and  bismuth,  but  the 
temperatures  at  which  decompositions  take  place  vary  with  the 
metals.  Some  metallic  sulphates  are  converted  directly  into 
oxides,  others  first  form  basic  salts.  Alkali-earth  sulphates 
show  a  behavior  similar  to  that  of  metallic  sulphates,  while 
alkali  sulphates  do  not  part  with  their  sulphur  trioxide  even 
at  elevated  roasting-temperatures. 

The  older  data  on  the  decomposition  of  metallic  sulphates 
by  heat  are  only  approximations.  Thus  Kerl  *  gives  the  order 
in  which  metallic  sulphates  are  decomposed  with  increasing 
temperatures  as  (Ag,,  Fe,  Cu,  Zn,  Ni,  CO,  Mn,  Pb)  SO^.  More 
recent  statements  give  definite  temperatures  and  modify  the 
formerly  accepted  order  of  decomposition.  But  the  tempera- 
tures given  by  various  observers  do  not  agree.  The  reasons 
for  this  are  to  be  found  mainly  in  the  method  and  manner  of 
carrying  out  experiments. 

Four  methods  have  been  used :  1.  Heating  in  an  evacuated 
tube;  2,  heating  in  a  tube  closed  at  one  end,  without  air-cur- 

1  Orundri$8  der  NetaUkuUenkundef  p.  70  (Leipzig,  1881). 
[13 
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reat;  3,  heating  in  a  crucible  with  air-current;  and  4,  heating 
in  an  open  tube  with  air-current. 

1.  Heating  in  an  Evacuated  Tube, — This  method  is  the  one 
followed  by  Wohler-Pliiddemann-Wohler.'  A  tube  charged 
with  the  sulphate  to  be  examined  is  evacuated,  heated  to  dif- 
ferent temperatures,  and  held  at  each  temperature  until  equi- 
librium has  been  reached  in  the  reversible  equation  MSO^±? 
MO  +  SO3.  The  pressure  exerted  by  the  SO,,  resp.  SO,  +  O,  set 
free  at  each  temperature  and  read  in  millimeters  of  quicksilver 
on  a  gauge,  furnishes  the  means  for  ascertaining  the  degree  of 
decomposition  of  the  sulphate.  The  decomposition  at  atmos- 
pheric pressure  is  the  one  at  which  the  pressure  of  the  gas  in 
the  tube  has  reached  760  mm.  In  order  to  determine  whether 
the  sulphate  by  heating  is  converted  direct  into  oxide  or  first 
forms  one  or  more  basic  salts,  it  is  necessary  to  heat  the  nor- 
mal sulphate  first  to  a  given  temperature  in  a  current  of  air  to 
expel  some  of  the  SO,,  and  then  in  vacuo  for  determining  the 
dissociation-pressures  at  the  same  temperature  to  which  the 
normal  sulphate  had  been  brought.  If  the  pressure-readings 
of  both  experiments  give  the  same  figures,  no  basic  salt  has 
been  formed  up  to  the  temperature  to  which  the  normal  salt 
had  been  heated  in  a  current  of  air.  In  this  manner,  samples 
of  normal  salt  will  have  to  be  heated  in  air  to  different  tem- 
peratures, and  the  partial  decompositions  finished  in  vacuo.  A 
comparison  of  the  dissociation-curve  of  the  normal  salt  with 
those  of  the  partly  decomposed  salts  will  show  at  a  glance 
whether  basic  salts  are  formed  or  not.  We  investigated 
the  following  metallic  sulphates:  Fefi^SSO^;  Al^Oj-SSOj,; 
Cr303.8S03;  CuO.SOg;  Ce03.8S03;  ThO,.2S03;  TiO^-SOj; 
ZnO.803.  ^^^  ^^^  ^^^  ^^®  sulphates  of  metallurgical  in- 
terest have  been  plotted  in  Fig.  1,  in  which  the  ordinate 
gives  the  degrees  centigrade  scale,  and  the  abscissa  the  pres- 
sures of  SO3  in  millimeters  of  quicksilver.  In  order  to 
translate  the  pressures  of  SO3  into  per  cent,  by  volume  of  SO3, 
and  thus  render  the  data  comparable  with  roasting-gases, 
a  second  scale  has  been  drawn  on  the  abscissa,  in  which  760 
mm.  pressure  has  been  made  equal  to  100  divisions,  presuppos- 
ing that  SO3  is  not  split  into  SO,  and  O ;  thus  1  volume  of  SO, 

*  BeriehU der  deuUchmehemiKhen  Geueilacka^  vol.  zli.,  pt.  1,  No.  4,  p.  703  (1908). 

'[2] 
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will  equal  7.6  mm.  pressure  8O3.  These  data,  while  of  much 
scientific  interest,  cannot  be  well  applied  to  the  decomposition 
of  metallic  sulphates  in  a  roasting-furnace,  as  in  the  latter  the 
gases  are  drawn  oflf  continuously,  and  the  partial  pressure  of  SO, 
is  so  small  as  to  have  practically  no  influence  whatever  upon 
the  decomposition. 

2.  Heating  in  a  Tube  Closed  at  One  End  without  a  Current  of 
Air. — This  method  has  been  recently  used  by  Friedrich  and 
Blickle.*   The  apparatus  consist  of  a  vertical  porcelain  test-tube>. 


100 


?  •  y  ■  'y 


200         aOO        400         500 
SOs  PRESSURE  IN  MM.  Ha. 
i)0       40        50       60       70 
■     '     '   T    .     I     .     I     ■     I 


600        700 


80       90 

'       '       ' L. 


60,  PRESSURE  IN  PER  CENT.  OF  ONE  ATMOSPHERE- 
760  MM.  Ho. 

Fig.  1.— Decomposition  of  Some  Metallic  Sulphates  in  an 
Evacuated  Tube. 


8.937  in.  long,  0.7078  in.  outer  and  0.5905  in.  inner  diameter, 
heated  in  a  suitable  furnace.  Into  the  tube  is  lowered  by 
means  of  platinum  wires  a  platinum  cup,  0.5905  in.  high, 
0.3543  in.  diameter,  with  walls  0.006  in.  thick,  to  receive  from 
0.5  to  1.2  g.  of  metallic  sulphate  to  be  decomposed.  A  tube 
holding  the  thermo-couple  is  introduced  into  the  substance. 
This  is  heated  from  room-temperature  to  1,100°  C.  in  about 


*  MetaUurffie,  Tol.  viLi  No.  11,  p.  321 
xxxL,  Na  47,  p.  1909  (Nov.  23,  1911). 


(Jane  8,  1910) ;  Stahl  und  Eiten,  vol. 
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1  hr. ;  the  retardations  due  to  absorption  of  heat  by  decompo- 
sition are  noted.     The  results  obtained  are  given  in  Table  I. 

Table  I. — Decomposition  of  Some  Metallic  Sulphates  in  a  Tube 
dosed  at  One  End, 


Metallic 
Sulphates. 

Temperatures 

of 
Decomposition. 

Products  of 
Decomposition. 

Transformations 
of  Original 
Sulphates. 

Fusions 
of  Original 
Sulphates. 

Fe.(80,), 
CU8O4 

*«;'• 

ZnSO, 
SCuO.SO, 

CoSO, 

3Zn0.2SO, 

MnSO, 

CuO 

Degrees  C. 

705 

740 

770 

840 

About  840 

845 

880 

935 

1,030 

Aboutl,040 

1,085 

2Cud»03 

AlA 

NiO 
3Zn0.2SO, 

CuO 

CoO 

ZnO 

? 

(CuO.Cu,0) 

Ag 

Degrees  C. 

740 

860 

410 

80O 

Degrees  C. 

700 
660 

A  comparison  of  the  data  with  those  obtained  by  other  in- 
vestigators will  show  that  they  are  from  140°  to  240°  C.  too 
high.  The  two  leading  reasons  for  this  discrepancy  are,  that 
the  decomposition  takes  place  in  an  atmosphere  of  SO,,  respec- 
tively SOj  and  0,  the  partial  pressures  of  which  call  for  higher 
temperatures  of  dissociation  than  when  heating  in  an  air-current, 
as  here  the  partial  pressures  of  the  products  of  decomposition 
are  a  negligible  quantity ;  and,  secondly,  that  the  short  time  of 
1  hr.  given  to  each  of  the  experiments  must  allow  the  tempera- 
ture to  rise  above  the  critical  point,  considering  the  low  con- 
ductivity for  heat  *  of  the  sulphates.  The  temperatures  obtained 
ought  to  correspond  to  those  observed  with  an  evacuated  tube 
in  which  the  pressure  has  reached  760  mm. ;  and  this  is  ap- 
proximately the  case. 

8.  Heating  in  a  Crucible  with  Air- Current. — The  method  has 
been  followed  by  Bradford.*  He  obtained  satisfactory  results 
with  the  sulphates  of  iron,  copper,  and  silver,  by  using  a  small 
quantity  of  substance  and  by  placing  the  thermo-couple,  in 
contact  with  substance,  near  to  the  crucible,  as  it  is  here  that 
the  dissociation  begins.     If  much  substance  is  used,  or  if  the 

*  H.  Lescoeur,  Oomptet  renduM  de  CAcadimie  des  Seienees,  vol.  cii.,  No.  25,  p. 
1466  (1886). 

•  2VafM.,  xxxiiL,  58  (1902. 

[4] 

Digitized  by  VjOOQ IC 


THB   DBG0MP08ITI0N   OF   METALLIC   8ULPHATBS.  893 

couple  is  placed  in  the  center  of  the  crucible,  the  temperature 
read  for  the  beginning  of  a  dissociation  will  be  too  high,  on 
account  of  the  low  conductivity  for  heat  of  the  substance. 

4.  Heating  in  an  Open  Tube  in  a  Ourrent  of  Air. — This  method 
is  the  one  which  resembles  more  closely  than  any  other  the  roast- 
ing-operation  on  a  large  scale.  The  substance  to  be  tested  is 
placed  in  a  boat  inserted  into  a  horizontal  tube  impervious  to 
gases ;  the  thermo-couple  is  held  near  the  boat  or  the  substance ; 
the  tube  is  heated  gradually,  usually  by  electrical  means ;  a 
slow  currrent  of  purified  and  dried  air  is  blown  through  and 
carries  away  the  gaseous  products  of  decomposition ;  the  latter 
can  be  tested  chemically  whenever  this  seems  desirable. 

There  are  two  ways  of  determining  the  beginning  of  a  re- 
tardation caused  by  dissociation. 

One  is  to  heat  to  a  given  temperature,  holding  the  thermo- 
couple near  the  boat;  to  keep  the  temperature  unchanged  until 
any  loss  in  weight  of  the  substance  ha«  become  constant,  and 
to  watch  at  the  same  time  any  change  in  the  indicator,  held  in 
a  railroad-tube,  through  which  the  gases  have  to  pass.  If  a 
decomposition  has  taken  place,  another  sample  of  the  substance 
is  treated  in  the  same  manner  as  the  first,  but  to  a  lower  tem- 
perature. In  this  way  the  range  of  temperature  is  narrowed 
down  until  the  actual  dissociation-temperature  has  been  accu- 
rately ascertained.  The  loss  in  weight  will  show  to  what  extent 
the  substance  has  been  decomposed ;  a  chemical  analysis  may 
be  necessary,  if  a  chemical  change  other  than  expulsion  of 
gaseous  component  has  taken  place.  This  method  has  been 
followed  by  Hofman  with  zinc  sulphate,*  Hofman-Mostowitsch 
with  calcium  sulphate/  Mostowitsch  with  barium  sulphate,' 
Warlimont  with  iron,  copper,  and  nickel  sulphates,*  Kothny 
with  pyrite,*®  Landis  with  iron,  copper,  and  zinc  sulphates,** 
Mostowitsch  with  zinc  sulphate,"  arid  Barth  with  cobalt  sul- 

•  Tram.,  xxxv.,  811  (1904). 

^  Trans.,  xxxix.,  p.  628  (1908) ;  xl.,  p.  807  (1909^. 
8  MdaUurgie,  vol.  vi.,  No.  14,  p.  450  r  July  22,  1909). 
»  MelaUurgie,  vol.  vi.,  No.  3,  p.  83  (Feb.  8,  1909). 

»•  Oesterreiehieehes  Jahrbmhj  vol.  Iviii.,  pp.  97,  360  (1910);   Metallurgi^  vol. 
viil.,  No.  13,  p.  389  (July  8,  1911). 
"  MetaUurffieal  and  Chemical  Engineering,  vol.  viii.,  No.  1,  p.  22  (Jan.,  1910). 
"  MetaUurgie,  vol.  viii.,  No.  24,  p.  768  (Dec.  22,  1911). 
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phate."     It  has  given  accurate  results  as  long  as  the  necessary 
time  has  been  given  to  the  work. 

The  Other  method  is  to  make  first  a  blank  test,  using  the 
amperage  necessary  to  reach  a  desired  temperature,  with  the 
thermo-couple  held  in  the  boat,  but  out  of  contact  with  the 
substance ;  to  record  the  rise  of  temperature  for  given  intervals 
of  time,  80  or  60  sec,  and  to  plot  the  data  which  will  furnish  a 
smooth  curve.  The  next  step  is  to  charge  the  boat,  raise  the 
temperature  in  the  same  manner  as  with  the  empty  boat,  record 
the  rise  in  temperature  for  the  same  intervals  of  time,  and  to 
plot  the  data.  Any  deviation  of  the  second  curve  from  the 
first  will  show  that  some  change  has  taken  place ;  there  will 
have  been  a  transformation  if  the  weight  of  the  substance  has 
remained  constant,  a  chemical  change  if  the  weight  has  in- 
creased or  decreased.  The  method  was  devised  by  Wanju- 
kow";  the  abstract"  contains  some  errors  in  his  investigations 
upon  cupric  sulphate  (see  p.  914).  As  it  is  the  method  fol- 
lowed in  the  present  research,  the  following  example  is  given 
with  some  detail  to  make  clear  the  mode  of  operation. 

Table  lI.—DehydraHon  of  FeSO^  +  nHfi. 
Current:  7  Amperes  at  110  Volts. 


Galvanometer 

Galvanometer 

Galvanometer 

Deflection 

Deflection. 

Deflection. 

Time- 

Time- 
Inter- 
val. 

Time- 
Inter- 
val. 

Interval. 

Blank 

Teet  With 

Blank 

Test  With 

Blank 

Test  With 

• 

Test. 

7H,d. 

Test. 

7H,b.    j 

Test. 

Fe804  + 
7H,0. 

See. 

Mini 

volt. 

Sec. 

MUUvolt. 

Sec. 

Millivolts. 

60 

0.13 
0.145 

60 
60 

0.52 
0.54 

0.47 
0.52 

60 
60 

0.85 
0.875 

0.84 

60 

ais'" 

0.87 

60 

0.16 

0.15 

60 

0.56 

0.55 

60 

0.88 

0.88 

60 

0.17 

0.165 

60 

0.58 

0.58 

60 

0.90 

0.90 

60 

0.18 

0.170 

60 

0.60 

0.60 

60 

0.91 

0.91 

60 

0.20 

0.180 

60 

0.62 

0.60 

60 

0.92 

0.91 

60 

0.22 

0.215 

60 

0.64 

0.61 

60 

0.935 

0.91 

60 

0.24 

0.24 

60 

0.66 

0.62 

60 

0.95 

0.92 

60 

0.27 

0.265 

60* 

0.675 

0.63 

60 

0.96 

0.96 

60 

0.30 

0.295 

60 

0.69 

0.65 

60 

0.97 

0.97 

60 

0.325 

0.32 

60 

0.715 

0.66 

60 

0.985 

0.98 

60 

0.35 

0.345 

60 

0.735 

0.68 

1     60 

1.00 

1.00 

60 

0.37 

0.365 

60 

0.75 

0.71 

'     60 

1.01 

1.01 

60 

0.39 

0.38 

60 

0.77 

0.73 

60 

1.02 

1.02 

60 

0.42 

0.39 

60 

0.786 

0.75 

60 

1.035 

1.03 

60 

0.45 

0.41 

60 

0.805 

0.775 

60 

1.05 

1.05 

60 

0.48 

0.44 

60 

0.82 

0.80 

,     60 

1.06 

1.06 

60 

0.50 

0.45 

60 

0.84 

0,82 

;     60 

i 

1.07 

1.07 

"  MdnVLurgit,  vol.  ix.,  No.  6,  p.  199  (Mar.  22,  1912). 

"  JourTud  derruBsisehen  physikaiisch-ehemischm  GeadUckaft,  vol.  xli.,  p.  680  (1909). 

"  Chemi9che8  G^rUralblaUf  voL  Ixix..  p.  1124  (1908). 
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Table  11.  gives  the  observations  made  with  the  dehydration 
of  green  vitriol,  PeSO^  +  7H,0.  Column  1  shows  that  a  record 
was  taken  every  60  sec. ;  in  column  2  are  noted  the  observa- 
tions made  with  the  empty  boat;  and  in  column  8  those  with 
the  boat  charged  with  0.3  g.  of  sulphate.  A  graphical  repre- 
sentation of  the  data  is  given  in  Fig.  2,  in  which  the  ordinate 
gives  the  millivolts  observed  and  the  abscissa  the  time  in 
minutes.  The  upper  smooth  curve,  full-drawn,  represents  the 
blank  test.  In  the  lower  curve  the  dotted  line  is  a  copy  of  the 
curve  of  the  blank  test ;  the  full-drawn  line  gives  the  observa- 
tions made  with  the  charged  boat;  the  numerical  data  added 


20  dO  40 

TIME,  MINUTES. 

Fig.  2.— Dehydration  of  FBSO4  +  7H,0  in  an  Open  Tube  with 

AlB-CURRBNT. 

to  the  full-drawn  line  represent  the  degrees  centigrade  scale 
corresponding  to  the  readings  on  the  millivoltmeter.  Follow- 
ing the  pair  of  curves,  they  coincide  until  the  temperature  of 
20®  C.  has  been  reached,  when  a  decided  retardation  takes 
place,  which  lasts  until  the  temperature  has  risen  to  72*^  C. 
Weighings  of  the  boat  show  that  in  the  interval  between  20° 
and  72°  C.  3  molecules  of  water  have  been  expelled.  The 
weight  of  the  charged  boat  now  remains  constant  between  72° 
and  80°  C.  Here  a  second  retardation  is  noticed,  which  extends 
from  80°  to  123°  C,  and  corresponds  to  an  additional  loss  of 
3  molecules  of  water,  proved  by  the  difference  in  weight.  Be- 
tween 123°  and  132°  the  line  curves  coincide ;  if  not  theoreti- 
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cally,  they  do  it  at  least  practically.  In  the  interval  betyreen 
182^  and  142^  there  is  no  change  in  weight;  the  retardation 
indicates  a  transformation,  which  is  shown  by  a  change  in  the 
color  of  the  salt  from  white  to  gray.  The  expulsion  of  the  last 
molecule  of  water  is  accompanied  by  the  formation  of  a  basic 
ferric  salt,  discussed  on  page  900. 

11.  Plan  op  Investigation. 

The  original  plan  of  the  investigation  was,  to  determine  the 
dissociation-temperatures  of  anhydrous  metallic  sulphates,  the 
formation  of  basic  sulphates,  the  characters  of  the  resulting 
products,  and  the  speeds  of  reaction  at  different  temperatures, 
in  order  to  obtain  data  applicable  to  roasting-ope rations.  As 
the  start  had  to  be  made  in  most  cases  with  the  chemically 
pure  hydrous  sulphates,  the  original  plan  was  extended  to  in- 
clude the  dehydration  of  the  hydrous  salts  by  heating  in  a  cur- 
rent of  air.  This  research,  besides  having  a  general  interest, 
has  the  practical  value  of  determining  (1)  the  temperatures  at 
which  sulphates  with  given  amounts  of  water  of  crystallization 
can  separate  from  their  solutions,  and  (2)  the  temperatures  to 
which  crystals  may  be  warmed  in  artificial  drying  without 
losing  some  water  of  crystallization.  Thus,  in  order  to  obtain 
crystals  of  blue  vitriol  of  the  composition  CuSO^  +  5aq,  the 
crystallization  may  not  begin  before  the  solution  has  cooled 
down  to  below  28°  C,  as  otherwise  CuSO^  +  8aq  would  sepa- 
rate, because  at  28^  C,  CuSO^  +  5aq  gives  up  2  molecules  of 
water;  for  the  same  reason  the  drying  of  crystals  of  CuSO^  +  aq 
may  not  be  carried  on  at  a  temperature  above  28°  C. 

The  method  of  heating  in  a  current  of  purified  and  dried 
air  was  used  in  the  dehydration-tests  for  the  same  reasons  as 
those  in  desulphatization. 

Two  other  methods  have  been  used  by  early  investigators. 
Thus  Debray"  applied  the  vacuum  method  discussed  on  page 
890 ;  Miiller-Erzbach,"  what  may  be  called  the  evaporation 
method.  In  the  latter  the  vapor-tension  of  a  saturated  salt- 
solution  and  of  water  are  compared  by  placing  the  two  in 
same-size  tubes  in  a  desiccator  charged  with  concentrated  sul- 
phuric acid.    The  loss  of  water  in  the  two  cases  gives  the  ratio  of 

"  Comptea  rendu$  de  VAeadhnU  des  Seieneesj  vol.  Ixvi.,  No.  4,  p.  194  (1868), 
"  Annalen  der  Pkysik  und  Chemie,  vol.    xziii.,  p.  617  (1884). 
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vapor-pressares.  The  ratio  remains  constant  as  long  as  the 
original  salt  solution  remains  unaltered ,  it  changes  as  soon  as 
a  new  hydrate  begins  to  be  formed.  Thus  2  g.  of  sodium  phos- 
phate, Na^H.PO^  +  12aq,  lose  at  first  5  molecules  of  H^O,  then 
again  5,  and  lastly  2  molecules,  proving  thus  the  existence  of 
three  hydrous  compounds. 

"With  the  exception  of  the  sulphates  of  copper,  calcium,  and 
barium,  all  the  sulphates  of  any  metallurgical  importance  have 
been  investigated,  and  the  new  results  compared  with  the 
earlier.  The  three  sulphates  first  mentioned  have  been  ac- 
cepted, as  they  were  carried  out  under  similar  conditions  by 
us  and  a  former  associate.  The  paper  concludes  with  a  general 
review  of  the  subject  and  two  final  tables  of  data,  which  we 
consider  reliable  for  dehydration  and  desulphatization. 

in.  Heating-,  Measuring-,  and  Testing-Apparatus. 

The  furnace  used  for  heating  was  an  electric  resistance  tube- 
furnace  similar  to  the  well-known  Heraeus  furnace  employed 
by  Hoftnan  and  Mostowitsch  ^®  in  their  work  upon  calcium  sul- 
phate^ but  contained  a  few  improvements.  Figs.  3  and  4  give 
a  longitudinal  section  and  an  end-view.  The  heating-tube,  Ay 
of  unglazed  Marquardt  material,  1.968  in.  in  diameter  and 
11.81  in.  long,  is  wound  with  platinum  foil;  it  is  contained  in 
a  fire-clay  tube,  -B,  3.543  in.  inner  diameter,  and  centered  in  it 
by  fire-clay  rings,  C,  at  the  ends,  leaving  an  air-space,  D,  0.6299 
in.  wide.  The  fire-fflay  tube  is  surrounded  by  calcined  mag- 
nesia, E,  inclosed  in  a  sheet-iron  cylindrical  casing,  F,  10.68  in. 
in  diameter,  with  one  flanged  movable  end,  (r,  secured  by  screw- 
bolts,  H,  and  thumb-nuts,  /;  the  bolts  are  flattened  at  one  end 
and  riveted  to  the  casing.  The  narrow  annular  space  between 
casing  F  and  tube  B  is  closed  with  strips  of  asbestos  paper 
soaked  in  starch-paste.  The  clay  rings  C  are  held  in  place  by 
two  triangular  pieces  of  sheet-iron,  •/,  backed  by  asbestos  board, 
Ky  and  attached  to  casing  Fhj  three  threaded  bolts,  i,  and  nuts 
M.  The  silica  tube,  JV,  0.7874  in.  in  diameter  and  19.68  in. 
long,  lies  in  the  center  of  the  heating-tube  A  ;  the  small  open 
annular  spaces  in  rings  C  are  closed  with  a  clay-cement  plaster. 
The  tube  holds  the  porcelain  boat,  0,  1.575  in.  long  by  0.2756 

"  IVcwM.,  xxxix.,  631  (1908). 
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in.  wide  by  0.1968  in.  deep,  which  contains  the  substance  to  be 
tested;  both  ends  of  tube  iVare  closed  with  perforated  rubber 
stoppers,  P;  at  the  opening  Q  is  inserted  a  X  glass-tube  for 
introducing  the  thermo-electric  pyrometer,  R,  with  protection 


^^^^S 


s  r 


Fig.  3.— Electric  Resistance  Tubb-Fubnace.     Longitudinal  Section. 


Fig.  4.— Electric  Resistance  Tube- Furnace,    End-Elevation. 

silica  tube,  0.1181  in.  in  diameter,  isolating  silica  tube,  0.0295 
in.  in  diameter,  and  0.0098-in.  walls,  and  admitting  air  under 
pressure ;  at  the  opening  aS  is  a  glass  tube  to  be  connected  with 
a  railroad-tube  holding  the  indicator.     The  hot  junction,  T,  of 

[10] 
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the  couple  is  uncovered.  The  furnace  rests  in  semi-circular 
recesses  of  two  pieces  of  asbestos  board,  C7, 1  in.  thick,  nailed  to 
board,  F,  of  the  same  material,  0.75  in.  thick.  Board  i7  holds 
the  binding-posts,  TT,  for  the  electric  connection. 

During  a  test  the  uncovered  thermo-couple  was  held  above 
the  substance;  the  electric  measurements  were  made  with  a 
Siemens-Halske  milli voltmeter  having  180  decimillivolt  divi- 
sions for  1,700°  C;  the  cold-junction  was  held  in  ice-water; 
the  couple  was  standardized  against  the  boiling-points  of  water, 
naphthaline  and  sulphur,  and  the  freezing-points  of  water, 
aluminum,  and  the  eutectic  copper-cuprous  oxide. 

The  current  used  was  of  110  volts;  it  passed  through  the 
ammeter  and  two  resistance-coils,  one  for  rough  and  the  other 
for  close  regulation.  With  all  the  resistance  turned  on,  the 
current  was  of  2  amperes;  with  all  turned  off,  the  strength 
was  18  amperes,  and  the  latter  sufficed  to  attain  1,150°  C. 

It  had  been  the  intention  to  use  a  self-regulating  rheostat, 
which  was  to  consist  of  a  non-conducting  cylinder  covered  with 
resistance-wire,  a  gliding  contact,  and  a  clock  to  rotate  the 
cylinder.  This  would  have  giveri  straight  lines  instead  of  the 
curved  ones  shown  in  the  records,  but,  unfortunately,  the  appa- 
ratus could  not  be  made  ready  in  time  for  this  work.  During 
our  experiments  an  apparatus  aiming  at  the  same  result,  but  of 
different  construction,  was  described  by  Friedrich.^* 

In  an  experiment  a  certain  number  of  amperes  were  made  to 
pass  through  the  winding  of  the  furnace,  and  kept  constant; 
records  were  taken  every  60  sec. ;  the  boat  was  removed  from 
the  furnace,  transferred  to  a  desiccator,  and  weighed ;  the  sub- 
stance was  simply  examined,  or  tested,  as  may  have  been  found 
necessary. 

Air  under  pressure  was  obtained  by  means  of  a  Beutell  appa- 
ratus connected  with  the  water-service  of  the  laboratory;  the 
velocity  was  regulated  by  means  of  screw-clamps  to  furnish  in 
the  wash-bottles  from  45  to  50  bubbles  per  minute.  The  air, 
before  entering  the  furnace,  was  purified  by  passing  it  through 
wash-bottles  containing  a  ^V  normal  solution  of  potassium  per- 
manganate, concentrated  potassium  hydroxide,  concentrated 
barium  hydroxide,  concentrated  sulphuric  acid,  and  a  drying- 


»•  StahlundEUm,  voL  mi.,  No.  50,  p.  2045  (Dec,  14, 1911). 
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tower,  15  in.  high  and  1.75  in.  in  diameter,  charged  with  cal- 
cium chloride  and  phosphor  pentoxide. 

The  gases  leaving  the  furnace  were  passed  through  a  color- 
less solution  of  potassium  iodate  and  starch  ^  for  the  detection 
of  SOj,  and  through  a  solution  of  barium  chloride,  acidulated 
with  hydrochloric  acid,  to  test  for  SO,. 

In  making  dehydration-tests  at  temperatures  not  exceeding 
120°  C,  the  preliminary  indications  of  the  electric  resistance 
furnace  were  followed  up  with  a  feeichert  thermostat,  provided 
with  the  gas-pressure  regulator  of  Bausch  &  Lomb.  This 
enabled  us  to  hold  temperatures  for  any  length  of  time  within 
from  1°  to  2°  C. 

IV.  Record  op  Results. 
1.  Ferrous  Sulphate,  FeSO^  +  IHfi. 
This  salt  forms  bluish-green  monoclinic  crystals,  which 
weather  on  exposure  to  air,  being  superficially  oxidized  to  a 
basic  ferric  sulphate.  Besides  the  common  salt,  there  exist " 
the  compounds  FeSO^  +  ^HgO,  FeSO,  +  1H,0,  and  FeSO,. 
The  salt  FeSO^  +  TH^O  is  said  to  lose  "  6  molecules  of  H^O  at 
115°  and  to  retain  the  7th  at  280°.  Heating  with  exclusion  of 
air  gives"  white  FeSO^,  while  with  access  of  air**  the  basic 
ferric  sulphate,  Fe203.2S03,  is  formed.  Several  tests  have  re- 
cently been  made  upon  the  behavior  of  FeSO^  when  heated  in 
a  current  of  air.  "Warlimont**  found  that  dissociation  began 
at  470°  and  was  complete  at  550°.  Bradford  "•  noted  the  first 
retardation  at  540°  and  gives  550°  as  the  temperature  at  which 
the  salt  is  completely  decomposed.  Friedrich'^v  noticed  the 
first  absorption  of  heat  at  700°  and  gives  the  dissociation-tem- 
perature as  705°.  Kothny»  finally  found  that  at  150°  FeSO, 
begins  to  be  oxidized  without  any  expulsion   of  SO,,  that  at 

»  Hofman,  IVatw.,  xxxr.,  817  (1904). 

"  Muller-Erzbach,  Annalen  der  Phynk  wnd  Chemie,  vol.  xxvi.,  p.  409  (1885). 
"  Graham^  Philosophical  MagoMine,  Third  Series,  vol.  vi.,  No.  36,  p.  421  (June, 
1835). 
*■  Brandes,  Schweigger* 8  Journal,  vol.  IL,  p.  438  (1827). 
"  Waltl,  ChetniMhes  Bepertorium  fur  Pharmaeie^  vol.  xli.,  p.  428  (1902). 
«  MeiaUurgie,  vol.  vi.,  No.  4,  p.  131  (Feb.  22,  1909). 
*•  Trans.,  xxxiii.,  50  (1902). 
"  MetaUurgie,  vol  vi.,  p.  132  (1909). 
"  OesUrreichiaches  Jahrbuchj  vol.  Iviii.,  p.  115  (1910), 
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480°  it  is  completely  converted  into  Fe,03.2803,  with  a  loss  of 
only  4.2  per  cent,  of  the  S  in  the  form  of  80,^  and  that  at  530° 
the  basic  salt  is  completely  dissociated  into  Fe,0,  and  SO,,  but 
very  slowly. 

A  chemical  analysis  of  the  salt  used  in  the  tests  is  given  in 
Table  lU. 


Table  III.— Composition  of  FeSO^  +  7f?,0. 


Component. 

Chemical 
AnftlyiU. 

Calculated 
Analysis. 

Fe6 
H,0 

Per  Cent. 

28.82 
26.01 
45.17a 

Per  Cent. 

28.77 
25.91 
45.82 

80,.  FeO 

1.1080 

1.1103 

*  By  difPerence. 

The  iron  was  precipitated,  after  oxidation  with  nitric  acid, 
from  a  boiling  solution  with  ammonia,  and  weighed  after  igni- 
tion as  Vefiy  The  sulphur  was  determined  as  BaSO^,  from 
a  chloride  solution,  by  precipitating  with  barium  chloride. 

The  substance  used  in  the  test  weighed  0.3  g.,  and  the 
charged  boat  4.1672  g.  The  bottom  curve  in  Fig.  5  repre- 
sents the  heating  from  20°  to  166°.  At  21°  occurs  the  first 
retardation,  which  lasts  until  the  temperature  has  risen  to  80° ; 
it  begins  again  at  51°,  and  terminates  at  72°.  Parallel  tests  in 
the  thermostat  showed  that  heating  to  25°  for  8  hr.  expelled 
3  molecules  of  H,0.  At  80°  there  is  a  second  deviation  from 
the  curve  of  the  blank  test,  which  disappears  at  123°;  again 
3  molecules  of  HjO  have  been  drawn  off.  Test  with  the  ther- 
mostat showed  that  heating  to  120°  for  25  hr.  removed  3  mole- 
cules of  H,0.  The  absorption  of  heat  lasting  from  132°  to 
142°  corresponds  to  a  transformation;  the  substance,  origin- 
ally white,  has  become  gray,  and  has  not  undergone  any  change 
in  weight.  The  weight  of  the  charge  was  4.0568  g.  after  the 
temperature  had  reached  156°;  further  heating  for  1.75  hr.  at 
this  temperature  reduced  it  to  4.0547  g.,  and  for  an  additional 
hour  to  4.0527  g.  This  corresponds  to  a  total  reduction  of 
0.1145  g.,  which  is  equal  to  6  molecules  of  H^O.     Between  156° 
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and  266°  the  curve  for  the  charged  boat  rises  above  that  for  the 
blank  test,  on  account  of  the  heat  set  free  by  the  oxidation  of 
the  ferrous  salt.  The  boat,  removed  after  266°  had  been  reached, 
weighed  4.0534  g. ;  exposing  it  for  0.5  hr.  more  to  266°  in- 
creased the  weight  only  to  4.0586  g.  The  substance,  gray 
after  the  transformation,  had  become  a  greenish  yellow ;  the 
formation  of  a  basic  salt  had  begun,  but  the  7th  molecule  of 


10 


20 


50 


30  40 

TIME.  MINUTES 

Figs.  5a  akd  56.— Febeous  Sulphate,  FeSO^,  -f  7HaO. 

HgO  had  not  yet  been  expelled.  Between  266°  and  482°  no 
change  occurs  up  to  406°,  when  there  is  a  slight  deviation  for 
the  curve  of  the  charged  boat  from  that  of  the  blank  test, 
reaching  to  455°,  when  the  absorption  of  heat  becomes  more 
marked;  now  the  boat  weighed  4.0484  g.  Returning  the  boat 
to  the  furnace  cooled  to  475°,  heating  for  20  min.  reduced  the 
weight  to  4.0466  g.,  for  30  min.  more  to  4.0418  g.,  and  again 
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for  30  min.  to  4.0420  g.  The  sabstance  has  become  brownish- 
yellow.  Two  processes  have  taken  place,  the  ferrous  iron  has 
been  oxidized,  and  the  7th  molecule  of  H^O  has  been  expelled. 
The  total  loss  in  weight  was  0.1252  g.,  t.  e.,  0.0107  g.  less  than 
called  for  by  the  7  molecules  of  H,0  (=  0.1859  g.);  the  differ- 
^ence  is  due  to  the  oxidation  of  the  ferrous  iron,  accompanied 
'by  the  formation  of  Kothny's  Fej03.2S03. 

The  curve  in  Fig.  5a  extending  from  482°  to  590*^  shows 
at  492®  the  first  retardation,  due  to  the  beginning  of  the  disso- 
ciation of  the  Fe303.2803.  The  process  proceeds  very  slowly  and 
becomes  marked  only  between  550°  and  560°.  This  range  of 
temperature  can,  therefore,  be  taken  as  the  practical  tempera- 
ture for  the  decomposition  of  FeSO^,  which,  however,  is  notice- 
able already  at  492°. 


12     8     4      5      07      8      0     10    11    12    13    14    L") 
TIME.  HOURS. 

Fio.  6. — Velocity  op  Decomposition  op  FESO4  in  a  Current  op 
Air  at  530°  and  560°  C. 

The  velocity  of  decomposition  at  580°  and  560°  C.  is  shown 
in  Fig.  6. 

There  exist  three  hydrous  salts,  FeSO^  +  TH^O ;  FeSO^  + 
4H,0 ;  FeSO,  +  lUfi.  The  salt  FeSO,  +  TEfi  gives  up  8 
molecules  of  H^O  at  21°,  3  more  at  80°,  undergoes  a  trans- 
formation at  182°,  begins  to  be  oxidized  at  167°,  but  very 
slowly ;  the  oxidation  continues  with  the  rise  of  temperature 
to  455°,  when  the  oxidation  to  Fe203.2S03  is  completed,  and 
at  the  same  time  the  last  molecule  of  H^O  is  expelled.  The 
dissociation  of  Fej03.2S03  begins  at  492°  and  is  finished  at 
from  555°  to  5B0°. 


2.  Bismuth  SulphaU,  BiJ^SO;)^^. 
The  normal  sulphate  is  a  white  powder  which  readily  com- 
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bines  with  H^^O  to  form  2Bi,(SO,)3  +  TH^O  »  The  decomposi. 
tion  of  the  anhydrous  salt*"  begins  between  406°  and  418°;  at 
a  higher  temperature  BijOj-SO,  is  formed";  upon  further  in- 
creasing the  heat  the  dissociation  is  complete,"  but,  according 
to  Schmidt,"  is  accompanied  by  the  volatilization  of  some  Bi^O,. 
Abegg"  doubts  the  existence  of  basic  sulphates. 

The  normal  salt  used  in  the  experiments  contained  5  per 
cent,  of  H,0,  as  shown  in  Table  IV.  It  was  treated  with  water 
and  some  ammonium  sesquicarbonate  was  added,  the  resulting 
basic  bismuth  carbonate  was  filtered,  dried,  fused  in  a  porcelain 
chamber  with  five  times  its  weight  of  98-per  cent,  potassium 
cyanide,  and  the  resulting  metal  weighed.  The  sulphur  was 
determined  by  precipitating  with  barium  chloride  from  a  chlo- 
ride solution  and  weighing  as  BaSO^.  The  results  are  given  in 
Table  IV. 

Table  IV. — Composiiion  of  JBi2{S0^\. 


Component. 

Chemical 
Anftlysls. 

Calculated 
AnalyRis. 

SO, 
H,0 

Per  Cent. 

37.75 
57.25 
5.00a 

Per  Cent. 

39.735 
60.265 
none 

SO,  :  Bi,0, 

0.6595 

0.6594 

*  By  difference. 

The  substance  tested  weighed  0.3  g. ;  the  weight  of  the 
charged  boat  was  6.0144  g.  Heating  to  170°  reduced  the  weight 
to  4.9994  g.  by  the  expulsion  of  0.0160  g.  of  5,0.  No  retar- 
dations were  noted  in  the  curve,  Fig.  7a,  while  heating  from 
170°  to  847°,  and  from  347°  to  496°;  the  indicator  remained 
uncolored,  and  the  weight  of  the  boat  unchanged.  The  salt 
was  light  yellow  when  hot,  but  became  again  white  when  cold. 

"  Gmelin-Eraut,  HajuUmch  der  arkorganischen  Ghemie^  vol.  iii.,  part  ii.,  p.  981 
(1908). 

"  Bailej,  Journal  of  the  Chemical  Society,  vol.  li.,  p.  676  (1887). 

''  Heintz,  Anncden  der  Physik  und  ChemiCy  vol.  Ixiii.,  p.  77  (1844). 

*•  Bailej,  loc  cU, 

»•  BeruihU  der  deutachen  ckemiKhen  OeMtchaft,  vol.  xxvii.,  pt  1,  No.  2,  p.  236 
(1894). 

**  Handbueh  der  anorganigchen  Chemicy  vol.  iii.,  part  ii.,  p.  665  (1907). 
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In  the  curve  representing  the  rise  of  temperature  from  495°  to 
666°,  Fig.  76,  a  retardation  is  seen  at  570°,  which  is  due  to  de- 
composition setting  in ;  this  progresses  very  slowly  to  603°, 
then  becomes  more  noticeable  up  to  639°,  when  occurs  a  second 
decided  retardation,  explained  by  the  formation  of  a  basic  salt, 
yellow  when  hot,  though  less  so  than  the  normal  salt,  and  white 
when  cold.     In  order  to  ascertain  the  composition  of  the  basic 
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Figs.  7a  and  76. — Dboomposttion  of  81,(804)3. 

■salt,  O.S  g.  of  substance  was  weighed  out  and  brought  to  con- 
stant weight  at  630°.  The  charged  boat  weighed  5.0144  g. ; 
heating  to  170°  expelled  the  hygroscopic  water  and  reduced 
the  weight  to  4.9994  g.  Heating  at  630°  for  five  20-min.  pe- 
riods gave  the  weights  4.9832,  4.9804,  4.9770,  4.9740,  and 
4.9744  g. ;  that  is,  a  loss  of  0.0250  g.,  referred  to  the  weight  of 
dry  substance.     This  loss  corresponds  to  one-fifth  of  the  total 
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SO3,  and  gives  the  basic  salt  the  formula  561203.4(805)3.  This 
is  white,  both  hot  and  cold,  and  begins  to  form  already  at  570°. 
The  curve  giving  temperatures  ranging  from  666°  to  775° 
has  a  retardation,  which  begins  at  767°  and  corresponds  to  a 
transformation.  The  salt  has  not  changed  either  in  weight  or 
in  color,  but  has  shrunk  greatly  in  volume.  In  heating  from 
775°  to  909°  there  is  noted  an  absorption  of  heat  at  870°,  accom- 
panied by  a  coloration  of  the  indicator,  which  shows  the  begin- 
ning of  the  dissociation  of  531203.4(803)3;  this  is  very  decided 
at  890°,  but  not  yet  complete.  At  922°  (not  shown)  another 
retardation  was  seen,  and  this  was  due  to  fusion  of  the  partly 
decomposed  basic  salt.  Heating  the  fused  salt  to  900°  for  4.5 
hr.  and  to  1,020°  for  1  hr.  gave  a  diminution  in  weight  of 
0.0280  g.,  due  in  part  to  dissociation  of  the  basic  salt,  in  part' 
to  volatilization. 

The  normal  anhydrous  salt,  612(80^3,  begins  to  be  converted 
at  570°  into  5Bi203.4(803)3,  but  the  change  progresses  slowly; 
the  basic  salt  undergoes  a  transformation  at  767°,  and  a  partial 
decomposition  at  870°,  which  is  not  completed  when  the  salt 
fuses  at  922°  and  is  further  heated  for  a  long  time  at  1,020° 
with  partial  volatilization. 

8.  Alumimim  Sulphate,  AlJ^SO^\  +  IQH^O. 

Pure  alum  crystallizes  with  16  molecules  of  HgO,  forming  a 
stable  compound;  the  impure  salt  often  crystallizes  with  18 
molecules  of  Hfi  and  is  hygroscopic.**  Upon  heating,  the  hy- 
drous salt  is  said  to  fuse  in  its  water  of  crystallization  and  to  be 
decomposed  without  forming  a  basic  salt.**  Pickering'^  found 
that  the  so-called  basic  salts  are  mixtures  of  AlgOj  and  Al2(SO^)3. 
Wohler-Pliiddemann-Wohler  "^  determined  the  dissociation-tem- 
perature of  the  anhydrous  salt  at  750°;  Friedrich*®  noticed 
retardations  at  100°  and  350°,  and  fixed  the  decomposition  at 
770°. 

The  composition  of  the  salt  used  in  the  experiments  is  given 
in  Table  V. 


•*  Mendelejeff,  Orundlagm  der  Chemicy  p.  751  (1891). 
*•  Dammer,  Handbuch  der  anorganiaehen  Qhemie^  vol.  iii.,  p.  98  (1893.) 
"  Chemical  News,  vol.  xlv.,  pp.  121,  133  (Mar.  24,  31,  1882). 
*•  Beriehte  der  detUschen chcmUchen  Oesellsekafty  vol.  xli.,  pt  1,  No.  4,  p.  703  (1908). 
»•  Mdallurgie,  vol.  vii..  No.  11,  p.  333  (June  8,  1910). 
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Table  Y .—Qmposiiion  of  Al^{SO^^  +  IQHfi, 


Component. 


SO, 

AlA 
H,0 


SOs :  A1,0, 


Chemical 
Analysis. 

Calculated 
Analysis. 

Per  Cent 

88.08 
16.12 
45. 80  a 

Per  Cent. 

38.081 

16.22 

45.699 

2.3636 

2.3479 

«  By  difference. 


The  alumina  was  precipitated  with  ammonia  and  weighed  as 
A1,0,;  the  sulphur  was  separated  from  a  chloride  solution  with 
barium  chloride  and  weighed  as  BaSO^. 

For  the  experiments  0.8  g.  was  taken;  the  charged  boat 
weighed  4.1100  g.  The  bottom  curve  in  Fig.  8a  represents 
heatings  from  15°  to  130°.  The  first  retardation  was  noticed 
at  51°  and  extended  to  80°,  the  second  lasted  from  82°  to  97°, 
the  third  from  97°  to  105°,  and  the  fourth  from  109°  to  180°. 
Each  of  the  first  three  retardations  is  caused  by  an  expulsion 
of  3  molecules  of  HaO.  Parallel  tests  in  the  thermostat  showed 
that  heating  at  80°  for  30  hr.  eliminated  3  molecules  of  HjO, 
at  87°  for  6.5  hr.  again  3  molecules,  at  105°  for  5.5  hr.  8  more 
molecules,  and  at  170°  for  33  hr.  again  3  molecules  of  H,0. 
The  long  time  required  to  remove  the  last  3  molecules 
finds  a  parallel  in  the  fact  that  in  the  tube-furnace  at  130°  only 
part  of  these  3  molecules  had  been  expelled,  the  time  given 
being  too  short.  The  charged  boat  heated  to  130°  weighed 
4.0230  g,;  the  loss  in  weight  had  been  0.0870  g.  instead  of 
0.1027  g.  In  the  second  curve,  covering  from  130°  to  276°, 
the  temperature  has  risen  to  180°  before  the  12th  molecule 
was  completely  expelled.  Three  more  molecules  of  HjO  are 
driven  out  between  180°  and  263°.  The  boat,  after  being  held 
for  30  min.  at  263°,  weighed  3.9938  g.;  for  an  additional  60 
min.,  3.9866  g.;  and  for  30  min.  more,  3.9860.  g.  It  took  120 
min.  at  263°  to  expel  the  15th  molecule  of  HLjO,  which  shows 
the  tenacity  with  which  the  water  is  held.  The  next  two 
curves,  covering  276°  to  380°  and  380°  to  544°,  Figs.  8a  and 
86,  show  the  elimination  of  the  16th  and  last  molecule  of  H^O, 
which  starts  at  316°  and  is  finished  at  442°.    The  weight  of  the 
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charged  boat  had  been  reduced  to  3.9732  g.,  which  corresponds 
to  a  loss  of  0.1368  g.,  while  the  theoretical  figure  calls  for 
0.1363  g.  The  salt  was  snow-white.  In  the  last  curve,  cover- 
ing from  544°  to  746°,  the  dissociation  of  the  anhydrous  salt  is 
seen  to  begin  at  590° ;  it  progresses  slowly,  becomes  marked 
at  639°,  grows  weaker,  and  is  complete  at  690°.     The  charged 


TIME«  MINUTES 
Fig,  8a. 


10  SO 

TIME,  MINUTES 


Fig.  86. 


Figs.  8a  and  86. — Dehydration  and  Dbsulfhatization  op  Al,(S04),  + 

16H,0. 

boat,  removed  at  746°,  weighed  8.9545  g.,  which  is  equivalent 
to  a  loss  of  0.0187  g.  and  corresponds  to  the  SO3  given  off. 
The  velocity  of  decomposition  at  755°  is  represented  graphi- 
cally in  Fig.  9. 

There  exist  six  hydrous  salts:  A1,(S0,),  +  16H,0;  Al^CSO,),  + 
13H,0;  Al,(SO0.  +  10H,O;  A1,(SOO,  +  7H.0  ;  A1,(S0,). + 
4H,0;   A.1,(S0,),  +  1H,0. 
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The  salt  A1,(S0,),  +  16H,0  gives  oft  3  molecules  of  H,0  at 
51°,  3  at  82°,  3  at  97°,  8  at  109°,  3  at  180°,  and  the  last  one 
at  316°.  The  dissociation  of  the  anhydrous  salt  begins  at  590° 
and  becomes  marked  at  639°. 

4.  Lead  Sulphate,  PbSO^. 

Anglesite  forms  orthorhombic  crystals,  the  prepared  sul- 
phate a  white  crystalline  powder. 

In  a  general  way  it  is  known  that  this  salt  loses  some  of  its 
SO,  at  elevated  temperatures.  Doeltz  and  Graumann  *•  found 
that  in  heating  in  an  air-current  for  30-min.  periods  the  salt 


2  3 

TIME    HOURS. 


Fig.  9. — Velocity  of  Decomposition  in  a  Gubbbnt  op  Aik  op 
Al,(80J5  at  766°  C. 

suffered  no  change  in  weight  up  to  800°,  that  at  900°  a  loss  of 
from  0.32  to  0.42  per  cent,  took  place,  that  at  1,000°  much  SO, 
was  expelled,  causing  in  1.5  hr.  a  reduction  in  weight  of  14.3 
per  cent.  Ramsay  and  Eumorfopoulos  *^  determined  the  melt- 
ing-point of  PbSO^  as  937°,  which  according  to  the  research  of 
Schenck  and  Rassbach  (see  below)  must  have  been  that  of  the 
partly  decomposed  salt.  Boussingault^^  claims  to  have  decom- 
posed the  salt  completely.  Berthies  ^  prepared  the  compound 
2Pb0.80,  by  fusion  of  PbSO^  and  PbO ;  he  says  it  is  a  light> 
yellow  substance  when  hot,  and  white  when  cold,    Schenck  and 


«  ifetatfttryie,  voL  iii.,  No.  13,  p.  441  (July  8,  1906). 

"  PhUoaaphical  Magazine,  Fifth  Series,  vol.  xli.,  No.  251,  p.  360  (Apr.,  1896). 
*»  Awnale^  de  Chimie  et  de  Pkygiqw^  Fourth  Series,  vol.  xiL,  p.  246  (1867). 
«  Op.  ciL,  vol.  xliii.,  p.  217  (1830). 
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Rassbach  **  have  traced  the  freezing-point  curve  of  the  series 
PbSO,— PbO.  They  found  that  the  melting-point  of  PbSO,  lay 
above  1,100°,  and  that  at  950°  a  retardation  occurred,  which 
was  caused  by  a  partial  decomposition.  Their  curve  shows  the 
existence  of  two  stable  basic  sulphates :  2PbO.S03,  ^^^^  melt- 
ing-point of  960°,  and  SPbO.SO,,  with  melting-point  of  951°; 
a  third  basic  salt,  4PbO.S03,  is  stable  only  below  880°,  as 
above  this  temperature  it  splits  into  SPbO.SO,  and  PbO. 
They  noted  also  two  transformations,  PbSO^  at  850°,  and 
SPbO.SO,  at  450°. 

An  analysis  of  the  lead  sulphate  used  in  the  experiments 
gave  the  results  shown  in  Table  VI. 

Table  VI. — Composition  of  PbSO^. 


Component. 


SOs 
PbO 


SO,  :  PbO 


Chemical 
AnftlyslB. 


Per  Cent. 

26.13 
73.45 


0.3657 


Calculated 
Analysis. 


Per  Cent. 

26.43 
73.57 


0.3592 


For  the  experiment  there  was  weighed  out  0.3  g.  of  sub- 
stance; the  charged  boat  weighed  4.1690  g.  Heating  to  181° 
reduced  the  weight  to  4.1682  g.  by  the  expulsion  of  water. 
The  curves.  Fig.  10a,  covering  181°  to  297°  and  297°  to  553°, 
show  slight  deviations  for  the  charged  boat  between  195°  and 
238°,  and  between  345°  and  418°;  both  are  accompanied  by 
bluing  of  the  indicator,  showing  that  some  SOj  is  set  free. 
The  loss  in  weight  caused  by  the  first  retardation  was  0.0012  g., 
that  by  the  second  0.0080  g.,  or  2.66  per  cent.  The  white 
color  of  the  original  substance  had  changed  to  gray.  Heating 
for  an  additional  20  min.  at  553°  caused  no  further  loss  in 
weight ;  it  did,  however,  restore  the  original  white  color.  In  the 
temperature-range  between  553°  and  770°,  Fig.  106,  retarda- 
tions are  noticeable  at  637°  and  705° ;  both  are  again  accom- 
panied by  a  slight  setting-free  of  SO,.  The  boat  heated  to 
750°  weighed  4.1566  g. ;  heating  for  one  more  hour  at  this 

**  Berichie  der  deuiachen  chemisehen  Qesell^ihqftf  vol.  xli.,  pt  2,  No.  13,  p.  2917 

(1908). 
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temperature  reduced  the  weight  to  4.1560  g.  The  total  loss 
in  weight  endured  so  far  was  0.0130  g.,  which  corresponds  to 
one-sixth  of  the  SO,  of  0.8  g.  of  substance.  In  order  to  verify 
these  observations,  again  0.3  g.  of  substance  was  taken  (weight 
of  charged  boat  was  4.3402  g.)  and  heated  to  750*^.  After 
4  or  5  min.  the  bluing  of  the  indicator  showed  that  SO^  was 
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Fig.  lOo.  Figs.  106  and  10c. 

Fios.  10a,  106,  AND  lOc— Desitlphatizatioj^  of  PbSO^. 

being  liberated.  After  35  min.  at  750°  the  weight  of  the 
charged  boat  was  4.3283  g.,  after  80  min.  more  4.3276  g., 
after  an  additional  20  min.  4.3276  g. ;  that  is,  no  more  loss 
took  place.  The  total  loss  wa«  equal  to  one-sixth  of  the  SO, 
l»resent,  hence  the  formula  for  the  newly-found  basic  salt  is 
6Pb0.5SO,.     Between  750°  and  860°  there  is  a  small  retarda- 
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tion  at  815°,  accompanied  by  the  evolution  of  some  SO,,  and 
a  large  one  at  847®,  the  temperature  remaining  constant  there 
for  1.5  min.  The  charged  boat,  taken  out  at  860°,  weighed 
4.8267  g.,  the  slight  loss  being  caused  by  the  expulsion  of  some 
SO, ;  there  had,  Ijowever,  taken  place  a  large  shrinkage  in  the 
volume  of  the  substance,  showing  that  a  transformation  of  the 
salt  6Pb0.5S05  had  occurred,  which  is  in  agreement  with  the 
results  of  Schenck  and  Bassbach.  Heating  the  charged  boat 
for  an  additional  80  min.  at  860°  gave  a  weight  of  4.8265  g., 
or  a  loss  of  only  0.0002  g.  The  curve  860°-908°  shows  two 
retardations,  at  888°  and  896° ;  the  first  is  caused  by  the  decom- 
position of  6Pb0.5SOa,  proved  by  the  coloration  of  the  indi- 
cator and  by  the  loss  in  weight,  the  boat  at  908°  weighing 
4.3286  g. ;  the  second  by  the  partial  sintering  of  the  salt.  The 
last  curve.  Pig.  106,  giving  the  results  obtained  between  903° 
and  969°,  shows  marked  differences  between  the  curves  for  the 
charged  and  empty  boats.  At  910°  the  fusion  of  the  salt 
begins  and  is  completed  at  939°  ;  dissociation  with  evolution 
of  SO,  begins  at  952°;  at  958°  and  962°  retardations  were 
noticed,  which  may  correspond  to  Schenck  and  Rassbach's  com- 
pounds SPbO.SO,  and  2  PbO.SO,.  In  order  to  test  the  expul- 
sion of  S0»  again  0.8  g.  of  PbSO^  was  weighed  out,  the  charged 
boat  weighing  4.8402  g.  Heating  to  950°  reduced  the  weight 
to  4.3265  g.,  holding  at  950°  for  8  hr.  10  min.  diminished  it 
to  4.2700  g.,  and  for  20  min.  more  to  4.2698.  Raising  the 
temperature  to  1,115°  and  holding  the  boat  at  this  heat  for 
80  min.  lowered  the  weight  to  4.2596  g.,  holding  it  for  120 
min.  more  gave  4.2580  g.  The  loss  in  weight  of  0.0102  g., 
experienced  between  the  last  weight  taken  at  950°  and  the 
first  at  1,115°,  viz.,  4.2698  and  4.2596,  exceeded  already  the 
theoretically  possible  loss  of  SO,  (i.  «.,  0.0792  g.),  and  thus 
proved  that  the  decomposition  of  the  basic  salt  2PbO.SOa  i& 
accompanied  by  the  volatilization  of  PbO. 

The  results  show  that  the  decomposition  of  PbSO^  begins 
already  at  195°  but  progresses  very  slowly,  with  the  formation 
of  the  baaic  salt  6Pb0.5SO,  at  705°;  that  this  salt  undergoes 
a  transformation  at  847°,  begins  to  be  decomposed  at  888°,  to 
sinter  at  896°,  and  to  fuse  at  910° ;  rapid  dissociation  begins 
at  952°,  and  is  accompanied  by  volatilization  of  PbO;  retarda- 
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tions  at  958^  and  962^  indicate  an  acceleration  of  the  decompo- 
tion,  which,  however,  is  not  complete. 

5.  Cupric  Sulphate^  CuSO^  +  SH^O. 

Blue  vitriol  forms  sky-blue  triclinic  crystals.  The  expulsion 
of  its  water  of  crystallization  has  been  studied  by  Lescoeur,** 
Andreae,**  Miiller-Erzbach,*'  and  Wanjukow."  They  are  all  in 
accord  as  to  the  existence  of  the  following  salts :  CuSO^  +  5HjO ; 
CuSO,  +  mfi;  CuSO,  +  IH^O;  CuSO,. 

According  to  Magnier  de  la  Source,**  CuSO^  +  5HjO  is 
changed  in  a  current  of  air  of  25°  to  30°  into  sky-blue  CuSO^  + 
8H,0.  This  has  been  re-investigated  by  Wanjukow,  who  fixed 
the  range  of  conversion  between  27°  and  30® ;  he  found  also  that 
the  pale-blue  CuSO^  +  1H,0  was  formed  between  93°  and  99°. 
Graham "  says  that  blue  vitriol  is  completely  dehydrated  be- 
tween 221°  and  248°;  Wanjukow  found  that  the  complete 
dehydration  began  already  at  155°  and  was  completed  at  238°. 

The  decomposition  of  CuSO^  by  heating  was  probably  first 
studied  by  Rousche,"  who  found  that  at  a  dark  red  the  basic 
orange-colored  salt  2CUO.SO3  was  formed.  In  more  recent 
times  Bradford  **  found  that  in  an  air-current  CuSO^  was  de- 
composed to  2CUO.SO3  at  653°,  and  the  latter  at  702°  into 
CuO  and  SO3. 

Warlimont"  ascertained  that  by  heating  for  8  hr.  the  decom- 
position of  CuSO^  to  CuO  and  SO3  began  between  600°  and 
610°,  and  increased  at  630°  to  4.8  per  cent.,  at  640°  to  11.3 
per  cent,  and  at  650°  to  100  per  cent.  Landis"  noticed  the 
first  traces  of  SOj  at  400° ;  a  rapid  evolution  of  gas  took  place 
at  690°;  this  diminished  with  rise  of  temperature  until  900° 

^  Oomptea  rendw  <U  VAeadhnit  des  Scieneesj  vol.  cii.,  No.  25,  p.  1466  (1886). 

^  Zeiiachr^fur  phynlcaliaehe  Chemief  voL  vu.,  p.  241  (1891). 

*'^  Awnalen  der  Phynk  und  Chemiey  yoL  zxri.,  p.  409  (1885) ;  Zeitschi'ift /ur  physi- 
kaliaehe  Chemie,  vol.  xix,  p.  144  (1896). 

^  Journal  der  rusaisehen  phynhUiach-ehemischen    Oeaeilschaftf  vol.   zli.,   p.   710 
(1909). 

^  Comptea  rendua  de  H  Aoadtmie  dea  Sciences,  vol.  Izxxiii.,  No.  20,  p.  899  (1876). 

"  PkUoKophieal  Magarine^  Third  Series,  vol.  vi.,  No.  86,   p.  418  (Jane,  1835). 

"  Zeitachrift  fur  Chemie  und  Pharmazie,  vol.  iii.,  p.  462  (18«0). 

«  Trana.,  xxxiii.,  69  (1902). 

»  Metallurgie,  vol.  vi..  No.  4,  p.  132  (Feb.  22,  1909). 

**  Metallurgical  and  Chemical  Engineeringy  vol.  vii..  No  1,  p.  327  (Jan.,  1910). 
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was  reached,  when  the  dissociation  was  complete.  Friedrich  " 
found  by  his  method  that  2CUO.SO3  ^'^^^  formed  at  700^,  that 
this  began  to  be  decomposed  between  840°  and  850°,  and  that 
all  sulphurous  gas  was  expelled  at  900°.  Wanjukow**  noticed 
retardations  at  341°,  380°,  503°,  and  621°,  all  accompanied  by 
evolutions  of  SOg  and  the  formation  of  increasing  small  amounts 
of  the  basic  salt  SCuO.SSOj.  Thus,  at  341°,  there  was  decom- 
posed 0.51  per  cent,  of  the  CuSO^;  at  380°,  1.09  per  cent.;  at 
503°,  2.38  per  cent.;  and  at  621°,  5.87  per  cent.  In  treating 
with  water  this  CuSO^,  thus  partly  converted  into  8CUO.3SO3, 
the  CuSO^  went  quickly  into  solution,  while  the  basic  salt  re- 
mained unchanged  for  30  min. ;  boiling  for  20  min.  caused  it 
to  take  up  some  water  and  form  a  pale-blue  hydrous  salt,  which, 
however,  was  not  dissolved.  Heating  the  partly  decomposed 
CuSO^  to  653°  caused  the  formation  of  the  orange-colored 
basic  salt  2CUO.SO3,  which  was  slow  up  to  670°,  when  it  pro- 
gressed more  rapidly.  The  expelled  gas  contained  both  SO3 
and  SO,.  This  salt  did  not  change  during  an  exposure  to  dry 
air  for  4  months ;  treating  it  with  water  at  ordinary  tempera- 
ture had  no  effect  for  5  or  6  min.,  then  gradually  the  salt  took 
up  some  water  and  became  bluish,  but  was  not  dissolved. 
Heating  2CUO.8O3,  *^®  ^^^^  retardation  was  noticed  at  704°, 
the  decomposition  to  CuO  became  pronounced  at  736°,  and 
continued  until  the  temperature  had  risen  to  751°.  At  787° 
the  residue  contained  0.1108  per  cent,  of  SO3,  at  802°  and  806° 
only  a  trace. 

There  exist  three  hydrous  salts:  CuSO,  +  SH^O;  CuSO,  + 
3H,0;  and  CuSO,  +  1H,0.  The  salt  CuSO,  +  5n,0,  upon 
heating  in  a  current  of  dry  air,  is  converted  between  27°  and 
30°  into  CuSO^  +  3H,0,  the  latter  at  from  93°  to  99°  into 
CuSO,  +  1H,0,  and  the  last  at  155°  into  CuSO,.  The  anhy- 
drous CuSO^  is  converted  at  341°  into  8CUO.3SO3  to  the  limit 
of  5.87  per  cent;  at  653°  2CUO.SO3  begins  to  be  formed;  at 
704°  the  final  dissociation  into  CuO  is  started;  it  becomes 
pronounced  at  736°. 

6.  Manganous  Sulphate^  MnSO^  +  5Hfi. 
This  salt  forms  peach-blossom  monoclinic  crystals,  which 


»  MetaUurgie,  voL  viL,  No.  11,  p.  327  (Jane  8,  1910). 

*•  Journal  der  nissischen  phynkcUisch-ch^mifchen  OeaeUsrhaft,  vol  xli.,  p.  C88  (1909). 
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slowly  weather  on  exposure  to  air.  Muller-Erzbach  ^  recognizes 
three  hydrous  salts,  with  5,  2,  and  1  molecules  of  H,0.  Heat- 
ing MnSO^  +  5H,0  to  150°  expels  4  molecules  of  HjO  (Fetter- 
son"^),  and  to  280°  causes  the  removal  of  all  the  HjO  (Thorpe- 
Watts  *•);  Graham**  gives  from  187°  to  200°  as  the  critical 
temperature.  According  to  Friedrich/^  the  expulsion  of  H,0 
begins  at  280°;  he  found  that  at  700°  the  anhydrous  salt 
fused,  and  that  at  1,030°  dissociation  took  place. 

The  salt  used  in  the  experiments  was  somewhat  weathered,  as 
shown  by  the  water-content  in  Table  VIL  • 

Table  VIL— Composition  of  MnSO^  +  hH^O. 


Component.  Chemical  Calculated 

*^  Analysis.  Analyuls. 


Per  Cent. 

SO3  35.60 

MnO  31.45 

H,0  33.05a 


Per  Cent. 

33.22 
29.43 
37.35 


SO,:  MnO      I  1.1287  1.1287 


^  Bj  difference. 

The  manganese  was  determined  by  the  Volhard  method; 
the  sulphate  was  precipitated  from  a  chloride  solution  with 
barium  chloride  and  weighed  as  BaSO^. 

For  the  experiment  0.3  g.  of  substance  was  taken;  the 
charged  boat  weighed  4.1652  g.  In  Fig.  11a,  the  bottom  curve 
gives  the  changes  taking  place  between  22°  and  115°.  The  first 
retardation  is  noticed  at  25°;  it  extends  to  60°  and  is  accom- 
panied by  a  loss  of  3  molecules  of  HjO.  During  the  second 
retardation,  lasting  from  60°  to  87°,  another  molecule  of  H,0 
is  expelled.  Parallel  tests  in  the  thermostat  showed  that  up  to 
25°  no  water  was  expelled,  that  heating  to  30°  for  44  hr.  elimi- 
nated 3  molecules  of  H,0,  and  to  100°  for  25  hr.  part  of  the 
4th  molecule,  but  that  the  temperature  had  to  be  raised  to 


"  Annalen  der  Phy«ik  und  Chemie,  vol.  xxvi.,  p.  421  (1885). 
*•  Qmelin-Kraat,  JIandbuch  der  anorganischen  Chemie,   vol.  ii.,  part  2,  p.  282 
(1908). 
*•  Journal  of  the  Chemical  Society ,  vol.  xxxvii.,  p.  113  (1880). 
"^  Philosophieai  Magazine,  Third  Series,  vol.  vi-,  No.  36,  p.  420  (Jane,  1835). 
"  Metallurgiey  vol.  vii.,  No.  11,  p.  329  (June  8,  1910). 
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120°  to  remove  it  completely.  At  115°  the  charged  boat 
weighed  4.0950  g.,  showing  that  a  loss  of  0.0702  g.  had  been 
experienced,  while  the  expulsion  of  4  molecules  of  H^O  raised 
the  figure  to  0.0741  g.  The  curve  representing  the  range  115°- 
241°  shows  two  retardations,  at  148°  and  187°,  and  the  joining 
of  the  curves  at  204°.  The  expulsion  of  the  5th  molecule  of 
HjO  begins  at  152°.  At  241°  the  charged  boat  weighed 
4.0912  g. ;  holding  it  at  this  temperature  for  1  hr.  reduced  the 
weight  to  4.0716  g.,  and  for  2  hr.  more  to  4.0676  g.  The 
total  loss  was  0.0976  g. ;  the  weight  of  5  molecules  of  H,0 
corresponds  to  0.0971  g.  The  curves  covering  the  ranges  241°- 
364°,  and  364°-603°,  Fig.  116,  show  no  thermal  changes;  the 
weight  of  the  charged  boat  remained  constant  at  4.0676  g. 
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Fig.  116.  Fig.  lie. 

Figs.  11a,  116,  and  11c. — ^Dehydkation  and  Dbsulphatization  op 
MnSO,  +  5H,0. 

The  bottom  curve  of  Fig.  lie,  representing  the  heating  from 
603°-680°,  shows  an  absorption  of  heat  beginning  with  643°, 
caused  by  a  sintering  of  the  edges  of  the  crystals.  Between 
680°  and  752°  there  is  a  decided  retardation  at  699°,  which  ex- 
tends to  745°,  and  is  caused  by  the  dissociation  of  the  anhy- 
drous salt,  the  indicator  showing  the  presence  of  SO,  by 
turning  blue.  The  salt  upon  examination  was  found  to  be  not 
fused,  and  to  have  retained  its  pulverulent  character.  In  order 
to  fix  more  definitely  the  dissociation-temperature  of  MnSO^, 
a  new  sample  of  0.3  g.  of  substance  was  taken;  the  charged 
boat  weighed  4.8810  g.  Heating  to  570°  expelled  all  the 
water  and  reduced  the  weight  to  4.2390  g.     Holding  it  for 
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30  min.  at  570°  gave  the  weight  4.2384  g.,  the  indicator 
showed  the  presence  of  SO, ;  30  min.  at  700**  did  not  change 
the  weight,  but  the  indicator  began  to  show  a  bluish  tinge ; 
30  min.  at  710°  reduced  the  weight  to  4.2378  g.  and  decidedly 
colored  the  indicator,  80  min.  at  730°  gave  4.2372  g.,  30  min. 
at  815**  gave  4.2264  g.,  and  the  substance  in  the  boat  began  to 
blacken.  The  last  curve,  representing  heatings  from  752°  to 
839°,  has  a  clear  retardation  at  790°,  which  is  due  to  a  further 
loss  of  80,. 

The  velocities  of  decomposition  of  MnSO^  at  770°  and  840° 
are  shown  in  Fig.  12. 


3  4  6 

TIME,  HOURS. 

Fig.  12. — ^Velocity  of  Dboomposttion  op  MNSO4  in  a  Curbent 
OF  Air  at  770®  and  840**  C. 

There  exist  three  hydrous  sulphates :  MnSO^  +  5H,0, 
MnSO,  +  2H,0,  MnSO,  +  IH3O.  The  salt  MnSO,  +  5H,0 
drops  3  molecules  of  H,0  at  25°,  the  4th  af  60°,  and  the  5th 
at  152°.  Dissociation  begins  at  699°  and  becomes  decided  at 
790°. 

7.  Zinc  Sulphate,  ZnSO,  +  7H^0. 

Zinc  vitriol  forms  orthorhombic  white  lustrous  crystals,  which 
disintegrate  upon  exposure  to  air  for  any  length  of  time  and 
give  off  some  water.**  Besides  ZnSO^  +  7Jifi,  Miiller-Erzbach  " 
distinguishes  the  following  sulphates  :  ZnSO^  +  2H,0,  ZnSO^  + 
IRfiy  and  ZnSO^.  Upon  heating,  zinc  vitriol  melts  in  its  com- 
bined water.  According  to  Wiedemann,**  heating  ZnSO^ -h  IKfi 

**  P^hard,  AnffiaUs  de  Chimie  et  de  PhydqiUy  Sixth  Series,  vol.  xzviii.,  p.  415 
(1893). 
•*  Annaden  der  Physik  und  ChemUy  vol.  xxvL,  p.  409  ( 1885). 
**  Annalen  der  Phynk  und  Chemie,  yol.  zvii.,  p.  561  (1882). 
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to  69°  converts  it  into  ZnSO,  +  6H,0;  Graham  «  dehydrated 
it  completely  at  204°;  Hofman^  found  263°  the  lowest  tem- 
perature at  which  all  the  water  was  expelled  excepting  0.24  per 
cent,  which  could  be  driven  off  only  at  528°.  With  a  2-g. 
sample  it  took  from  30  to  40  hr.  to  complete  a  test.  Mosto- 
witsch^  dehydrated  the  salt  at  400°  in  from  1  to  2  hr.  Fried- 
rich^  found  that  all  the  water  was  expelled  at  300°.  Heating 
the  anhydrous  salt  in  a  current  of  dry  air,  Hofman  ^  found  that 
with  the  elimination  of  the  last  of  the  water  at  628°,  some  SO, 
was  set  free  for  a  short  time  and  then  stopped ;  raising  the  tem- 
perature caused  more  SOj  to  be  liberated  in  different  stages  unto 
complete  dissociation,  the  lowest  temperature  for  which  he  found 
to  be  739°.  It  takes  a  long  time  to  accomplish  this  result. 
Mostowitsch  ^'^  decomposed  completely  0.6104  g.  ZnSO^  at  750° 
in  27  hr. ;  it  took  him  only  2  hr.  to  do  the  same  at  850°. 
Doeltz-Qraumann  ^^  noted  at  700°  the  first  decomposition  of 
ZnSO^.  Landis"  noticed  the  first  traces  of  SO,  at  730° ;  the 
decomposition  was  rapid  at  760°  and  apparently  complete,  as  no 
SO,  was  detected  afterward  even  when  the  temperature  was 
raised  to  980°.  Friedrich  "  found  his  first  retardation  at  740°, 
which  was  caused  by  a  transformation ;  the  second  was  noticed 
at  840°,  and  was  due  to  the  formation  of  the  basic  salt 
3Zn0.2S03;  the  third,  at  935°,  was  accompanied  by  the  disso- 
ciation of  the  basic  salt  into  ZiiO  and  SO3.  Mostowitsch^*  could 
not  detect  a  trace  of  either  SO,  or  SO,  up  to  560° ;  above  560° 
the  test-tube  showed  the  presence  of  sulphur,  and  the  substance 
began  to  lose  in  weight;  the  loss  at  600°  was  only  0.40  per  cent, 
of  the  SO3  present.  The  decomposition  of  about  0.4  g.  of  ZnSO^ 
at  temperatures  ranging  from  650  to  900°,  heating  for  1-hr. 
periods,  is  shown  in  Fig.  13.  The  curve  shows  that  at  850° 
the  dissociation  of  ZnSO^  is  completed  in  1  hr.,  which  is  a  prac- 


•*  Philosopkieal  Magazine^  Third  Series,  vol.  vi.,  No.  35,  p.  333  (May,  1835). 
••  Trfins.,  XXXV.,  817  (1904). 

•^  Metallurgies  vol.  viii..  No.  24,  p.  766  (Dec.  22,  1911). 
«  MetaUurgie,  vol.  vii..  No.  11,  p.  32S  (June  8,  1910). 
••  Loc,  ciL 

'«  MetaUurgie,  vol.  viii.,  No.  24,  p.  76S  (Dec.  22,  1911). 
"  Metailurgie,  vol.  ill.,  No  13,  p.  445  (July  8,  1906). 

■"  MetaUurgical  and  Chemical  Engineering^  vol.  viii.,  No.  1,  p.  22  (Jan.,  1910). 
'»  MetaUurgie,  vol.  vii.,  No.  11,  p.  328  (June  8,  1910). 
'*  Metallurgies  vol.  viii..  No.  24,  p.  763  (Dec.  22,  1911). 
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tical  figure.  It  brings  out  another  point,  and  this  is  that  up  to 
700°  the  expulsion  of  SO3  is  quick,  and  above  700°  uniformly 
slow.  The  diagrams  of  Hofman  ^*  tell  a  similar  story,  viz.,  that 
the  dissociation  progresses  rapidly  until  one-third  of  the  SO, 
has  been  expelled,  and  then  more  slowly.  Both  diagrams  indi- 
cate the  presence  of  an  intermediary  basic  salt,  the  existence  of 
which  has  been  shown  by  Friedrich,  and  verified  in  the  present 
tests,  but  at  a  much  lower  temperature. 

The  result  of  the  chemical  analysis  of  the  salt  used  in  the 
experiments  is  given  in  Table  VIII. 


860 

I 
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1      1 
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PER  CENT.   60,  E->ft»ELLED. 

Fn4.  13.— Degree  op  Decomposition  op  ZnSO^  in  1-hr.  Periods. 
Table  VICE. — Composition  of  ZnSO^  +  711^0. 


Component. 

Chemical 
Analysis. 

Calculated 
Analysis. 

SO3 
ZnO 
H,0 

Per  Cent. 

27.90 
28.39 
43.71  a 

Per  Cent. 

27.84 
28.32 
43.84 

SO3  :  ZnO 

0.9821 

0.9830 

**  By  difference. 

The  zinc  was  precipitated  v^ith  sodium  carbonate  and 
weighed  as  ZnO ;  the  8  was  separated  with  barium  chloride 
from  a  chloride  solution  and  weighed  as  BaSO^. 

For  the  eicperiment  0.3  g.  substance  was  taken;  boat  and 
substance  weighed  4.0912  g.  It  was  heated  in  the  thermostat 
up  to  25°  for  2.5  hr.,  whereby  the  weight  was  reduced  to 
4.0725  g. ;   the  loss  of  0.0187  g.  corresponds  to  1  molecule  of 


"  Trans.,  xxxv.,  822  (1904). 
[31] 
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H,0,  as  indicated  in  the  bottom  curve  of  Fig.  14a.  Between 
28°  and  110°  a  retardation  is  seen  to  start  at  28°  and  to  extend 
to  100°;  from  40°  upward  to  69°  the  curve  for  the  charged 
boat  runs  nearly  parallel  with  that  for  the  empty  boat,  and 
recedes  again  suddenly.  The  charged  boat  heated  to  110° 
weighed  3.9980  g.,  showing  a  loss  in  weight  of  0.0745  g.,  which 
corresponds  to  4  molecules  of  H,0  (=  0,0749  g.).  Parallel 
tests  with  the  thermostat  showed  that  heating  the  original  sub- 
stance to  85°  for  24  hr.  eliminated  5  molecules  of  H,0.     Be- 
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Fig.  14a.  Fig.  146. 

Figs.  14a  and  146. — Dehydration  and  Dbsulphatization  of 
ZnSO,  -f  7H,0. 

tween  110°  and  210°  a  retardation  is  seen  between  115°  and 
196°.  The  boat  at  210°  weighed  3.9800  g.;  the  loss  of  0.0180  g. 
is  equal  to  the  weight  of  1  molecule  of  H,0  (=  0.0187  g.). 
Heating  for  an  additional  30  min.  produced  no  further  change 
in  weight.  Between  2 1 0°  and  501°  two  absorptions  of  heat  are 
evident,  which  extend  from  225°  to  893°,  and  from  472°  to  601°. 
The  first  is  due  to  an  almost  complete  expulsion  of  the  7th 
molecule  of  H,0,  the  second  to  a  transformation  accompanied 

[32]  ^  . 
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by  a  slight  dissociation,  proved  by  the  momentary  bluing  of 
the  test-solution,  and  an  expulsion  of  some  water.  The  weight 
of  the  boat  at  501**  was  3.9625  g. ;  the  total  loss  in  weight  of 
0.1287  g.  shows  that  all  the  water  (=0.1315  g.)  has  not  yet 
been  driven  off.  The  substance  was  white,  but  with  a  grayish 
tinge.  Between  501°  and  655°,  Fig.  146,  the  first  retardation, 
at  525°,  is  accompanied  by  a  decided  emission  of  SO^  and  an 
expulsion  of  the  last  of  the  H,0 ;  the  decomposition  progresses 
very  slowly  up  to  606"^,  when  the  advance  is  more  quick,  but 
on  the  whole  still  very  slow.  At  655*^  the  boat  weighed 
3.9605  g.  In  the  last  curve,  from  655°  to  776°,  there  is  noticed 
an  absorption  of  heat  between  702°  and  780°  accompanied  by 
the  splitting-oft  of  both  SOj  and  80,,  which,  as  shown  below, 
is  equal  to  one-third  of  the  SOj  present,  and  corresponds  there- 
fore to  the  formation  of  the  basic  salt  8Zn0.2SOj.  The  second 
thermal  effect  occurs  at  755°,  and  is  due  to  the  decomposition 
of  3Zn0.2803.  The  boat  at  776°  weighed  3.9536  g.  In  order 
to  test  the  formation  of  this  basic  salt,  0.3  g.  of  original  sub- 
stance, boat  and  salt  weighing  3.9776  g.,  was  dehydrated  and 
heated  to  780°,  the  termination  of  the  first  retardation,  and 
held  there  for  4  hr.  The  salt  free  from  HjO  ought  to  weigh 
3.9776  —  0.1315  ==  3.8461  g. ;  the  weight  after  4  hr.  at  730° 
was  3.8186  g. ;  the  difference  of  0.0275  g.  corresponds  to  the 
theoretical  value  0.0280  g.  for  SO,,  if  the  basic  salt  3Zn0.2SO, 
has  been  formed,  hence  we  are  justified  in  accepting  the  formula. 
There  exist  four  hydrous  salts :  ZnSO,  +  IK^O ;  ZnSO^  + 
6H,0;  ZnSO,  +  2H,0;  ZnSO,  +  1H,0.  The  salt  ZnSO,  + 
7H,0,  heated  to  25°,  gives  up  1  molecule  of  H^O,  at  28°  there 
are  split  off  4  molecules,  at  115°  the  6th,  and  at  225°  the  7th 
molecule.  Heating  the  anhydrous  salt  to  702°  causes  decom- 
position with  the  formation  of  3Zn0.2S03,  which  in  its  turn 
is  dissociated  at  755°. 

8.  Nickel  Sulphate,  NiSO^  +  7Hfi. 

Morenosite  occurs  in  the  form  of  apple-green  thin  prisms ; 

the    artificial    nickel    vitriol    forms    emerald-green    crystals, 

which  weather  on  exposure  to  ajir,  losing  1  molecule  of  11,0 

(Dobroserdoff).'^*     According  to  Muller-Erzbach,^  there  exist 

'^  Moissan,  TraiU  de  Qtimie  Mintrale^  voL  iy.,  p.  279  (1905). 
"  Amuden  der  Physik  und  Chemie,  vol.  xxvi.,  p.  409  (1885). 

Digitized  by  VjOOQ IC 


922  THE   DECOMPOSITION   OF    METALLIC   SULPHATES. 

three  hydrous  sulphates :  NiSO,  +  7H,0 ;  NiSO,  +  6H,0  ; 
NiSO,  +  1H,0.  Hauer78  states  that  heating  NiSO,  +  7H,0 
to  100°  causes  4  molecules  of  H^O  to  be  expelled;  Graham^* 
found  that  at  103°  there  were  driven  off  6  molecules  of  H,0^ 
and  that  the  7th  followed  at  279°,  while  Pierre^  places  the 
complete  dehydration  at  200°  to  250°.  Friedrich"  found  that 
at  500°  the  vitriol  was  completely  freed  from  water. 

In  heating  the  anhydrous  normal  salt,  a  basic  salt  is  said  to 
be  formed.®*  Warlimont  ^  found  that  the  dissociation  of  NiSO^ 
began  at  600°,  heating  for  3  hr.  at  625°  caused  8.4  per  cent,  of  * 
the  SO^  to  be  expelled,  an  additional  3  hr.  at  650°  gave  38  per 
cent.,  and  8  hr.  more  at  670°  gave  88  per  cent.  Friedrich** 
gives  840°  as  the  beginning  of  the  dissociation. 

The  nickel  vitriol  used  in  the  experiments  gave,  upon  chem- 
ical analysis,  the  results  recorded  in  Table  IX. 

Table  JX.— Composition  of  NiSO^  +1H^0. 


_               ^                  Chemical 
Component.                   Analysis. 

Calculated 
Analysis. 

Per  Cent. 

SO,                i            29.96 
NiO             '           28.00 
H,0                          42.04a 

Per  Cent 

29.98 
28.01 
42.01 

SO,  :  NiO                 1.0700 

1.0703 

"  By  difference. 

The  nickel  was  determined  electrolytically  in  an  ammoniacal 
solution ;  the  sulphur  was  precipated  with  barium  chloride  from 
a  chloride  solution,  and  weighed  as  BaSO^. 

For  the  experiment  there  was  taken  1.0774  g. ;  the  charged 
boat  weighed  8.2456  g.  Heating  to  32°  caused  no  change  in 
weight.     Between  32°  and  60°,  Fig.  15,  retardations  were  ob- 

"  SitzungAerichUder  Akademie  d.  TTtssenacAq/'fen,  Wien,  vol.zxziz.,  p.  305  (1860). 

™  Gmelin-Kraat,  Handbuch  der  anorganiachen  Chemie^  vol.  v.,  part  ii.,  p.  72 
(1902). 

*®  Annales  de  Chimie  el  de  Physique,  Third  Series,  vol.  xvi.,  p.  252  (1846). 

"  MetaUurgie,  vol.  vii.,  No.  11,  p.  327  (June  8,  1910). 

M  Tupputi,  in  Dammer,  Handbuch  der  anorganiachen  Chemie,  vol.  iiL,  p.  607 
(1893). 

«  MeiaUurgie,  vol.  vi.,  No.  4,  p.  132  (Feb.  22,  1909). 

w  MetaUurgie,  vol.  vii.,  No.  11,  p.  327  (June  8,  1910). 
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served  at  40^  and  62° ;  the  boat  heated  to  60°  weighed  8.2350  g., 
showing  a  loss  of  some  water;  holding  it  for  7  hr.  at  60°  re- 
duced the  weight  to  8.0850  g.,  which  would  correspond  to 


30 

TIME.  MINUTES 

Figs.  15a  and  156. — Djchydratiok  and  Desulphatization  of 
NiSO,  +  7H2O. 

about  2.5  molecules  of  H,0.  Between  60°  and  98°  there  is  seen 
a  retardation  at  71°;  the  boat  at  93°  weighed  8.0818  g.,  the 
salt  had  become  a  pale  sky-blue ;  holding  it  for  185  min.  at  93° 

[35] 
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reduced  the  weight  to  8.0790  g.,  showing  that  3  molecules  of 
HjO  had  been  set  free ;  the  color  begins  to  change  to  orange- 
yellow.  Parallel  tests  in  the  thermostat  showed  that  heating 
to  40°  needed  as  much  as  110  hr.  to  expel  these  3  molecules  of 
HjO.  In  the  temperature-range  between  93°  and  156°,  water 
begins  to  be  removed  at  106°,- the  reaction  weakens  and  be- 
comes again  strong  at  120°.  Heated  to  156°  the  boat  weighed 
8.0732  g. ;  holding  it  for  4.25  hr.  at  130°  reduced  this  weight 
to  7.8740  g.,  which  would  correspond  to  a  total  expulsion  of  a 
little  over  5J  molecules  of  HjO,  or,  the  second  3  molecules 
of  HjO  had  not  been  entirely  set  free.  Between  156°  and  232° 
the  curve  of  the  charged  boat  about  coincides  with  that  of  the 
empty  boat.  In  heating  from  232°  to  400°,  there  occurs  an  ab- 
sorption of  heat  at  250°,  explained  by  the  driving-off  of  the 
rest  of  the  6th  molecule  of  HjO.  The  retardation  at  279°  is 
caused  by  the  almost  entire  removal  of  the  7th  molecule  of 
H,0 ;  the  color  of  the  substance  changes  to  an  orange-yellow. 
The  boat  brought  to  400°  and  weighing  7.800  g.  showed  that 
0.641  per  cent,  of  1  molcule  of  H,0  was  still  held  by  the  substance. 
Between  400°  and  695°  a  decided  retardation  takes  place  at 
670°,  unaccompanied  by  any  change  in  weight;  it  is  due  to  a 
transformation  which  changes  the  orange-colored  salt  to  a  gray- 
ish white.  In  the  temperature-range  between  690°  and  793° 
there  is  a  thermal  effect  at  702°,  which  reaches  a  maximum  at 
715°,  disappears  at  740°,  has  a  duration  of  8  min.,  and  shows 
the  dissociation  of  the  salt.  With  the  dissociation  takes  place 
the  expulsion  of  the  remaining  small  amount  of  the  7th  mole- 
cule of  H,0.  In  order  to  verify  the  dissociation-temperature, 
a  new  sample  of  0.3  g.  of  vitriol  was  taken  (weight  of  charged 
boat,  5.0082  g.)  and  heated;  at  690°  the  first  SO3  was  set  free, 
but  the  loss  in  weight  amounted  only  to  0.1264  g.  (7  molecules 
of  H,0  =  0.1261  g.);  at  740°  it  rose  to  0.1392  g.  While  the 
dissociation  started  at  690°,  it  became  decided  at  702°.  Be- 
tween 740°  and  793°  there  was  noticed  the  last  retardation, 
extending  from  764°  to  770°,  which  shows  an  acceleration  of 
the  dissociation. 

The  velocity  of  decomposition  of  NiSO^  at  710°  and  770°  is 
shown  in  Fig.  16. 

There  exist  three  hydrous  salts:  Ni80,-f  7H,0;  NiS0^+4H,0; 
NiSO,  +  1H,0.      The   salt  NiSO,  +  7H,0   begins   to  lose  8 

Digitized  by  VjOOQ IC 


THB    DECOMPOSITION    OF   METALLIC   SULPHATES. 


925 


molecules  of  H,0  at  40°,  but  parts  with  them  very  slowly ; 
the  same  is  the  case  with  the  second  8  molecules  of  H,0, 
which  begin  to  be  set  free  at  106° ;  the  expulsion  of  the  7th 
molecule  of  H,0  begins  at  279°,  but  is  not  completed  until  the 
dissociation  of  the  salt  into  NiO  and  SO,  begins,  which  takes 
place  at  702°. 

9.  Cobalt  Sulphate,  CoSO^  +  7-3,0. 
The  mineral  bieberite  forms  flesh-  to  rose-red  monoclinic  crys- 
tals; those  of  the  prepared  cobalt  vitriol  are  similar.  They 
are  stable  if  separated  from  a  neutral  solution,  unstable  if  the 
solution  was  acid.^  Miiller-Erzbach  "  distinguishes  three  hy- 
drates :  CoSO,  +  7H,0  ;  CoSO,  +  6H,0  ;  CoSO,  +  1H,0. 
Friedrich  ^  found  that  all  the  water  was  expelled  at  420°,  and 
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Fig.  16.— Velocity  of  Decomposition  in  a  Cubbent  op  Air  op 

N1SO4  AT  710^  AND  770*»  C. 

that  dissociation  began  at  880°.  Hartley^  says  that  the  anhy- 
drous salt  is  unchanged  at  300°,  becomes  lilac-colored  between 
500°  and  a  red-heat,  but  regains  its  original  rose-color  upon 
cooling.  According  to  Earth,®*  the  anhydrous  salt  is  stable  at 
600°,  heating  for  3  hr.  at  613°  caused  a  decomposition  of  3.4 
per  cent  of  the  salt,  and  for  2  hr.  at  735°  the  complete  disso- 
ciation. 

A  chemical  analysis  of  the  salt  used  in  the  experiments  gave 
the  results  shown  in  Table  X. 

^  BaabigDj  and  P^hard,  Comptes  rendus  de  V  Aeadimie  dea  Sciences,  vol.  cxv.. 
No.  3,   p.  171  (1892). 
"  Annaien  der  Pkysik  und  Chemie,  vol.  xxvi.,  p.  409  (1885). 
"  MetaUurgie,  vol.  vii.,  No.  11,  p.  326  (June  8,  1910). 
«  Journal  of  the  Chemical  Society,  vol.  Ixxxiii.,  p.  404  (1903). 
»  MeiaUurgie,  vol.  ix.,  No.  6,  p.  202  (Mar.  22,  1912). 
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Table  ^.—Composition  of  CoSO^  +  IH^O. 


Component. 

Chemical 
Analysis. 

Calculated 
Analysis. 

SO, 
CoO 
H,0 

Per  Cent. 

28.54 
26.57 
44.89  a 

Per  Cent. 

28.53 
26.59 
44.88 

SO, :  CoO 

1.0741 

1.0728 

*  By  difference. 

The  cobalt  was  determined  electroljtically  from  an  am- 
moniacal  solution ;  the  sulphur  was  precipitated  with  barium 
chloride  from  a  chloride  solution  and  weighed  as  BaSO^. 

The  weight  of  the  substance  used  for  experiment  was 
0.3995  g.;  the  charged  boat  weighed  6.7860  g.  The  bottom 
curve,  Pig.  17,  representing  the  heating  from  15°  to  80°,  shows 
two  leading  retardations,  at  19°  and  at  58°.  At  19°  water 
begins  to  be  separated,  the  expulsion  becomes  weaker  at  28° 
and  38°,  gains  in  force  up  to  40°,  diminishes,  and  finally  stops 
at  58°.  Parallel  tests  in  the  thermostat  showed  that  heating 
for  30  hr.  at  36°  caused  the  separation  of  3  molecules  of 
H^O.  At  58°  begins  the  splittiug-off  of  an  additional  3 
molecules  of  HaO.  Heated  to  70°  the  charged  boat  weighed 
6.6748  g.,  showing  a  loss  of  0.1112  g.  of  H^O,  which  would  cor- 
respond to  a  total  of  4 J  molecules.  Heating  at  80°  for  1  hr. 
increased  the  loss  in  weight;  the  boat  weighed  6.6450  g.,  show- 
ing a  decrease  of  0.0298  g. ;  continuing  the  heating  at  80°  for 
45  min.  reduced  the  weight  only  very  little,  viz.,  6.6444  g.  The 
salt  is  homogeneous  and  purple-colored.  In  the  temperature- 
range  between  80°  and  223°  there  is  a  thermic  effect  accom- 
panied by  a  slight  further  reduction  in  weight,  the  boat,  heated 
at  223°,  weighing  6.6388  g.;  holding  it  at  223°  for  an  addi- 
tional 30  min.  produced  no  farther  expulsion  of  water.  Be- 
tween 223°  and  370°  the  first  absorption  of  heat  is  seen  at  238°, 
which  is  due  to  the  removal  of  the  remaining  water  of  the  6th 
molecule.  At  276°  the  last  molecule  begins  to  be  set  free  and 
is  apparently  completely  liberated  at  320°,  when  the  boat 
weighed  6.6106  gr.,  showing  that  there  had  separated  altogether 
0.1754  g.,  which  is  less  than  0.1793  g.,  the  weight  of  7  mole- 

[38] 
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cules  of  H,0.  Heating  to  840®  caused  the  weight  of  the  boat 
to  fall  to  6.6082  g.,  still  not  enough  to  form  1  molecule  of  H,0. 
The  salt  was  blue  when  hot,  purple  to  rose-color  when  cold. 


20  A)  40  50 

TIME,  MINUTES 

Fios.  17a  AND  176. — Dehydration  and  Desulphatization  of 
CoSO,  4-  7HaO. 

Raising  the  temperature  from  370°  to  706°,  Fig.  17,  causes 
three  minor  retardations,  at  451°,  514°  and  554°,  which  are 
caused  by  the  removal  of  the  rest  of  the  7th  molecule^of  H^O. 
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The  weight  of  the  boat  at  706°  was  6.6072  g.,  showing  that 
0.1788  g.  had  been  expelled;  the  theoretical  value  is  0.1792  g. 
The  heat-absorption  seen  at  692°  is  due  to  a  transformation, 
as  there  is  no  change  in  weight  nor  any  reaction  with  the  in- 
dicator. In  the  last  curve,  covering  the  range  from  706°  to 
770°,  there  is  a  strong  thermal  effect  at  732°,  accompanied  by 
the  setting-free  of  SOa.  The  bluing  of  the  indicator  stopped 
at  737°,  but  started  again  at  754°.  At  770°  the  boat  weighed 
6.6054  g.,  equal  to  a  loss  in  weight  of  0.1806  g.  As  the  7 
molecules  of  H^O  of  the  substance  weigh  0.1792  g.,  the  difier- 
ence  between  the  two  numbers  shows  that  SO,  has  been  ex- 
pelled. In  order  to  verify  the  temperature  of  expulsion  of  the 
last  molecule  of  HjO,  and  of  the  dissociation  of  the  anhydrous 
salt,  0.4208  g.  of  fresh  vitriol  was  taken;  the  charged  boat 
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Fig.  18. — ^Vexooity  op  Decomposition  of  CoSO^  in  a  Current 
OP  Air  at  760°  and  770**  C. 


weighed  6.8072  g.  Heating  for  1  hr.  at  650°  caused  the 
weight  to  be  reduced  to  6.7384  g. ;  the  difference,  0.1683  g., 
corresponds  to  the  theoretical  weight  of  7  molecules  of  H,0, 
0.1689  g.,  showing  that  at  650°  the  dehydration  was  complete. 
Heating  to  690°  and  700°  for  1  hr.  caused  no  change  in  weight 
nor  any  effect  on  the  indicator;  between  717°  and  720°  the  in- 
dicator becomes  blue  after  15  min. ;  after  holding  1  additional 
hour  at  this  temperature,  the  loss  in  weight  was  0.0080  gr. ; 
1  hr.  at  725°  caused  a  loss  of  0.0128  g.  It  is  therefore  correct 
to  say  that  the  dissociation  begins  at  720°. 

The  velocity  of  decomposition  at  750°  and  770°  is  shown  in 
Pig.  18. 

There  exist  three  hydrous  salts :  CoSO^  +  Vlfi  ;  CoSO^  + 

[40] 
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4H,0 ;  C0SO4  +  1H,0.  The  salt  CoSO,  +  7H,0  begins  to  lose 
3  molecules  of  H,0  at  19°,  3  more  are  expelled  at  58°,  and  the 
last  one  is  set  free  at  276°.  The  anhydrous  salt  undergoes  a 
transformation  at  692'',  and  is  dissociated  at  720®. 

10.  Cadmium  Sulphate^  SCdSO^  +  811^0. 

The  formula  of  Richter  ^  for  hydrous  cadmium  sulphate 
crystallizing  out  at  ordinary  temperature  has  been  used  in  the 
heading.  The  crystals  readily  disintegrate  when  exposed  to 
air,  Abegg*^  doubts  the  existence  of  any  other  hydrous  salt, 
excepting  CdS04  +  1H,0 ;  the  existence  of  this  has  been  proved 
by  LesccBur*^.  According  to  Fremy,"  the  salt  is  dehydrated  at 
a  dark  red.  Mendelejeff**  states  that  CdSO^  is  less  readily 
decomposed  by  heat  than  ZnSO*. 

A  chemical  analysis  of  the  substance  used  in  the  experi- 
ments gave  the  results  shown  in  Table  XL 

Table  XL— Composition  of  CdSO^+  %H^0. 


Component. 

Chemical 
Analysis. 

Calculated 
Analysis. 

SO3 

CdO 

HaO 

Per  Cent 

31.11 
50.20 
18.69  a 

Per  Cent, 

31.17 
50.11 
18.72 

SOg  :  CdO 

0.6197 

0.6223 

°'  By  difference. 

The  cadmium  was  determined  electrolytically  from  a  potas- 
sium cyanide  solution  according  to  the  method  of  Beilstein  and 
Jawein ;  the  sulphur  was  precipitated  from  a  chloride  solution 
with  barium  chloride  and  weighed  as  BaSO^. 

For  the  experiment  0.3  g.  of  substance  was  used ;  the  charged 
boat  weighed  5.0078  g.  The  bottom  curve.  Pig.  19a,  covering 
the  temperature-range  from  30°  to  110°,  shows  that  water 
was  split  off  already  at  30°,  and  that  the  thermic  effect  ceased 

^  LehrhuchderanorgarUsehen  Chemit^  bearbeitet  von  K  linger,  Bonn,  p.  386  (1906). 
•*  Haaiidbwh  der  anorganisehen  Ckemie,  vol.  ii.,  part  2,  p.  469  (1905.) 
**  Annales  de  Chimie  et  de  Physique^  Seventh  Series,  vol.  iv.,  p.  222  (1895). 
"  Bneyel^pSdie  Chimiqiu^  vol.  iii.,  p.  286  (1900). 
»*  Orundlagen  der  Chemie,  p.  714  (1891). 

[41] 
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at  39® ;  the  second  separation  of  water  began  at  41®,  and  lasted 
until  90°  was  reached.  Heated  to  110°  the  boat  weighed 
4.9730°  g. ;  further  heating  for  1  hr.  did  not  cause  any  change 
in  weight.  The  loss  in  water  at  110°  was,  therefore,  0.0348  g., 
which  corresponds  to  an  expulsion  of  1§  molecules  of  H,0. 
Parallel  tests  in  the  thermostat  for  14  hr.  at  37°  showed  that 
I  molecule  of  H,0  had  been  driven  off,  and  for  15  hr.  at  60° 
that  1  molecule  of  H^O  had  been  separated.  In  the  range 
between  110°  and  260°  a  retardation  occurs  at  170°,  which  ex- 
tends to  220°.  As  the  charged  boat  heated  to  220°  weighed 
4.9512  g.,  the  loss  in  weight  corresponded  to  1  molecule  of  H,0. 


10        :»       30       40        60       eO"*"  10        20       30       40       :>o 

TIME,  MINUTES  TIME,  MINUTES 

Fig.  19«.  Fig.  196. 

Figs.  19a  and  196. — Dehydration  and  De.su lphatization  of 
CdSO,  +  BH^O. 

Between  260°  and  580°  (in  Fig.  19a  the  curve  is  drawn  only  to 
634°),  and  580°  and  805°,  Fig.  196,  no  thermal  effects  were 
noticed, but  between  805°  and  902°  are  seen  two  retardations; 
the  first,  lasting  from  827°  to  870°,  is  due  to  the  formation  of  a 
basic  salt;  the  second,  extending  from  878°  to  890°,  is  caused  by 
the  dissociation  of  the  basic  salt  into  CdO  and  SO,.  The  boat 
heated  to  902°  weighed  4.9460  g. ;  the  loss  in  weight  was 
0.058  g.  Heating  at  902°  for  9  hr.  reduced  the  weight  to 
4.8600  g. ;  there  had  been  expelled  0.0912  g. ;  the  theoretical 
value  for  SOj  is  0.0935  g.     The  salt  was  white  when  the  pro- 
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longed  heating  at  902°  began,  became*  yellow  when  hot,  but 
turned  again  white  upon  cooling.  After  heating  4  hr.  black 
specks  were  noticed  in  the  white  salt;  these  increased  until  at 
the  end  of  the  9th  hr.  the  substance  became  black.  In  order 
to  verify  the  formation  of  the  basic  salt,  another  experiment 
with  0.3  g.  of  substance  was  made.  The  charged  boat,  weigh- 
ing 8.6150  g.,  was  heated  to  850°,  and  held  there  for  12  hr.; 
its  weight  was  reduced  to  8.4840  g.,  which  corresponds,  after  de- 
ducting the  0.0561  g.  of  H,0  expelled,  to  a  loss  of  0.0749  g.  of 
SO,,  that  is,  four-fifths  of  the  total  SO3.  The  formula  for  the 
basic  salt  is  therefore  5CdO.SO,.  Heating  for  two  additional 
hours  did  not  change  the  weight  of  the  white  salt.  Raising  the 
temperature  to  880°,  that  is,  above  the  starting-point  of  the 
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Fig.  20.— Velocity  of  Decomposition  in  a  Current  of  Dry  Air 

OF   CDSO4  AT   960°  C. 

second  retardation  in  the  curve,  causes  expulsion  of  SO3,  and  a 
change  of  the  white  color  of  the  basic  salt  into  the  black  of 
the  oxide.  The  velocity  of  decomposition  of  SCdSO^  at  960° 
is  shown  in  Tig.  20. 

There  exist  three  hydrous  salts :  SCdSO,  -f  811,0 ;  CdSO^  + 
2H,0;  CtlSO,  +  1H,0.  Heating  3CdS0,  +  811,0  to  30°  causes 
two-thirds  of  the  H,0  to  be  expelled,  at  41°  1  molecule  of 
B[,0  separates  off,  and  at  170°  another.  The  anhydrous  sul- 
phate is  decomposed  at  827°  to  form  the  basic  salt  5CdO.SOj, 
and  this  is  finally  dissociated  into  CdO  and  80,  at  878°. 


11.  Magnesium  Sulphate^  M(jSO^  +  IH^O, 

The  natural  as  well  as  the  artificial  epsom  salt  forms  white, 
translucent,  orthorhombic  crystals,  which  weather  in  dry,  but 
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remain  unaltered  in  moist,  air  (Abegg).^  Warming  causes 
them  to  melt  in  their  water  of  crystallization.  Heating  to  50° 
gives  a  transition  form  of  MgSO^  +  6Ii^0  (Van  der  Heide).** 
According  to  Graham,^  heating  to  100°  furnishes  crystals  of 
MgSO^  with  a  little  more  than  2  molecules  of  H,0 ;  at  the 
same  temperature  in  vacuo,  in  the  presence  of  BEjSO^,  the  slight 
excess  of  H^O  above  2  molecules  is  completely  removed.  He 
found  that  the  6th  molecule  of  H2O  was  expelled  at  182°,  and 
that  the  7th  was  retained  even  at  237°.  Bailey^  says  that  the 
anhydrous  salt  is  stable  at  450°;  Le  Chatelier^  determined  its 
dissociation-temperature  as  1,160°. 

The  composition  of  the  salt  used  in  the  experiments  is  given 
in  Table  XII. 

Table  XU.— Composition  of  MgSO^  -f-  IH^O. 

-  ^         I  Chemical  I         Calculated 

Component.  Analysis.  Analysia. 


I  Percent.  ,  PerCent. 

SO3  I  33.30  !  33.70 

MgO  16.76  16.72 

H,0  49.94a  50.08 


SO,  :  MgO       I  1.9318  1  1.9258 


"  By  difiPerenoe. 

The  magnesia  was  precipitated  in  the  cold  from  an  ammo- 
niacal  solution  with  sodium  phosphate,  ignited,  and  weighed  as 
MgjPjOy ;  the  sulphur  was  precipitated  from  a  chloride  solution 
with  barium  chloride  and  weighed  as  BaSO^. 

For  the  experiment  there  was  taken  0.3  g. ;  the  charged  boat 
weighed  3.9773  g.  In  the  bottom  curve,  Fig.  21a,  extending 
from  17°  to  142°,  the  first  retardation  occurs  at  19° ;  it  is  slight, 
but  is  caused  by  the  splitting-off  of  1  molecule  of  H,0.  A 
parallel  test  in  the  thermostat  showed  that  heating  0.3  g. 
of  substance  at  19°  for  8.5  hr.  expelled  1  molecule  of  H,0. 
The  second  retardation,  extending  from  38°  to  105°,  is  much 

•*  Handbuch  der  anorganisehen  Chemie,  vol.  ii.,  part  2,  p.  58  (1905). 

••  ZeU^riftJur  physikaJische  Ghemie,  vol.  xiL,  p.  417  (1893). 

"  PhUoiophiccd  Magaziiie,  Third  Series,  vol.  vi.,  No.  36,  p.  421  (June,  1835). 

••  Jounud  of  Ike  Chemied  Society^  vol.  li.,  p.  676  (1887). 

••  Bulletin  de  la  SociH^  Chimique,  vol.  xlvii.,  p.  300  (1887). 
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more  decided  than  the  first ;  it  corresponds  to  the  driving-off 
of  4  molecules  of  H,0.  Heating  0.8  g.  in  the  thermostat  at 
38°  for  48.5  hr.  removed  a  total  of  5  molecules  of  TLfi.  At 
112°  is  a  third  retardation,  caused  by  the  loss  of  1  molecule 
of  HjO.  The  charged  boat  heated  to  142°  weighed  3.8688  g.  ; 
holding  it  for  80, 25,  and  80  min.  at  this  temperature  decreased 
the  weights  to  8.8486,  3.8488,  and  3.8483  g.,  showing  that 
0.1290  g.  had  been  lost;  the  theoretical  figure  for  loss  of  H,0 
is  0.1284  g.  Heating  in  the  thermostat  for  8  hr.  at  120°  ex- 
pelled 6  molecules  of  HjO.     In  the  second  curve,  extending 


10        20        90        ^        fib 
TIME,  MINUTES 


10        20        30    ••  0         10        20 
TIME,  MINUTES  TIME.  MINUTES 


Fig.  21a.  Fig.  216.  Fig.  2Ic 

Figs.  21a,  216,  and  21c. — Dehydration  and  Desulfhatization  of 
MoSO,  +  7H,0. 

from  142°  to  445°,  there  occurs  an  absorption  of  heat  at  203°, 
which  lasts  until  the  temperature  has  risen  to  302°.  The  charged 
boat  heated  to  445°  weighed  8.8260  g.,  corresponding  to  a  total 
loss  of  0.1509  g.;  the  weight  of  7  molecules  of  HjO  in  0.3  g. 
of  substance  is  0.1509  g. ;  the  salt,  therefore,  is  completely  de- 
hydrated ;  it  is  white,  with  slight  brownish  shade.  Raising  the 
temperature  from  445°  to  689°  and  from  639°  to  834°  shows  no 
thermal  effects  in  the  curves  of  Fig.  216,  the  salt  remains  white. 
The  desulphatization  of  the  anhydrous  salt  is  shown  in  Pig. 
21c.  The  curve  extends  from  834°  to  1,000°.  At  890°  there 
is  seen  a  small  deflection  of  the  curve  of  the  charged  from  that 
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of  the  empty. boat;  it  increases  from  900®  to  940°,  decreases, 
and  gains  again  in  magnitude  at  950°.  The  indicator  becomes 
colored  at  900°.  The  dissociation  begins  at  890°  and  becomes 
decided  at  971°. 

Fig.  22  shows  the  velocity  of  decomposition  of  the  anhydrous 
salt  at  1,000°. 

There  exist  four  hydrous  salts :  MgSO^  +  7H,0 ;  MgSO^  + 
6H,0;    MgSO, +  2H,0;    MgSO,  +  1H,0.      Upon    heating 
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Fig.  22. — ^Velocity  op  Decomposition  in  a  Current  of  Air 
OP  M0SO4  AT  1,000°  C. 

MgSO,  +  7H,0  to  19°  there  is  set  free  1  molecule  of  H,0,  at 
38°  4  molecules  are  liberated,  the  6th  molecule  is  split  off  at 
112°,  and  the  salt  is  dehydrated  at  203°.  Heating  the  anhy- 
drous salt  to  890°  Causes  dissociation  to  begin. 

12.  Silver  Sulphate,  AgJSO^. 
This  salt  forms  small  white  lustrous  crystals.     It  is  known 
to  fuse  when  heated  and  to  be  decomposed  at  a  temperature 
that  lies  higher  than  its  melting-point     The  only  determina- 
tions of  these  temperatures  are  those  by  Bradford  *^  and  Fried- 


»«>  !ZVojM.,  xxxiii.,  50  (1902). 
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rich.**^^  Bradford  determined  the  freezing-point  at  656°  and 
the  disaociation  at  1,095°,  although  he  noticed  losses  in  weight 
already  at  900°,  which  increased  with  the  temperature  and  the 
duration  of  the  heating.  Priedrich  observed  a  transformation 
at  410°,  when  the  white  salt  turned  yellow;  determined  the 
melting-point  at  660°  and  the  dissociation-temperature  at 
1,085°. 

A  chemical  analysis  of  the  salt  used  in  the  experiments  gave 
the  results  shown  in  Table  XIII. 

Table  XHL — Composition  of  Ag^SO^. 


Component. 

Chemical 
AnalysLs. 

Calculated 
Analysis. 

8O3 
Ag,0 

Per  Cent. 

25.71 
74.21 

Per  Cent. 

26.67 
74.83 

80,  :  Ag,0 

0.3484 

0.3463 

The  silver  was  precipitated  with  dilute  hydrochloric  acid 
and  weighed  as  AgCl,  the  sulphur  with  barium  chloride  from 
a  chloride  solution  and  weighed  as  BaSO^. 

In  the  experiments  0.3  g.  of  substance  was  used ;  the  charged 
boat  weighed  4.0924  g.  Heating  for  1.5  hr.  to  260°  gave  a  losa 
in  weight  of  0.0007  g. ;  that  is,  a  trace  of  moisture  was  expelled. 
The  lower  curve,  Fig.  23a,  covers  the  range  of  temperature 
from  268°  to  445° ;  at  417°  is  a  decided  retardation,  caused  by 
a  transformation,  as  the  weight  remained  unchanged  (4.0917  g.) 
and  the  indicator  was  unaffected,  but  the  color  of  the  salt 
changed  from  white  to  a  grayish  yellow.  In  the  upper  curve. 
Fig.  2Sa,  a  thermal  effect  is  noticed  at  656°;  the  weight  has 
not  changed  (4.0917  g.),  but  the  salt  has  fused.  Between  690° 
and  820°,  Fig.  236,  there  is  only  a  slight  thermal  effect,  which 
begins  at  752°  and  extends  to  917°;  the  weight  is  reduced  very 
little,  and  the  indicator  shows  that  SO,  is  liberated  in  very 
small  amounts.  At  917°  there  is  a  strong  absorption  of  heat; 
the  full-drawn  line  runs  horizontally  for  3  min.  and  then  bends 
upward ;  the  indicator  shows  quickly  the  presence  of  much  SO,. 
When  the  first  evolution  of  gas  has  ceased,  it  will  appear  again 


"»  MetaUurgUt  vol.  vii.,  No.  11,  p.  330  (June  8,  1910). 
[47] 
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when  the  temperature  has  risen  and  last  for  about  4  min. ;  it 
continues  to  do  this  until  the  dissociation  is  complete.  The 
weight  of  the  charged  boat  decreased  at  917°  from  4.0917  to 
4.0778  g. ;  heating  for  three  80-min.  periods  at  940°  reduced 
it  to  4.0466, 4.0188,  and  3.9910  g.,  when  the  salt  had  been  com- 
plely  converted  into  metallic  silver. 

The  results  show  that  a  transformation  takes  place  at  417°, 
fusion  at  656°,  and  dissociation  into  Agj  and  SO,  +  0  begins 
at  752°  and  becomes  decided  at  917°. 
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Figs.  23a  and  236.— Destjlphatization  of  Ag,S04. 

13.  Calcium  Sulphate,  CaSO^  +  2H^0. 

The  mineral  gypsum  forms  monoclinic  white  crystals  with  a 
pearly  to  shiny  luster,  the  prepared  salt  a  white  voluminous 
crystalline  precipitate.  According  to  Kraut  and  Precht,*" 
CaSO,  +  2H,0  loses  its  water  at  100°,  while  Millon  *«  main- 
tains that  it  loses  1.5  molecules  of  HjO  at  110°  and  is  dehy- 
drated at  300°.     Le  Chatelier  ^^  found  that  gypsum  was  dehy- 

^^  Liebig*B  Annalen^  vol.  clxxviii.,  p.  129  (1876). 

^^  Annalen  der  Chemie  und  Physik,  vol.  xir.,  p.  222  (1847). 

^'^  Annales  des  iJfine*,  Eighth  Series,  vol.  xi.,  p.  345  (1887). 
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drated  at  160°.  The  research  of  van't  Hoff  ^°'  has  shown  that 
gypsum  heated  in  a  closed  vessel  to  107°  at  a  pressure  of  970 
mm.  lost  1.5  molecules  of  B[,0,  or  rather  that  it  formed  the 
compound  2CaS0^  +  H,0.  This  is  confirmed  by  Le  Chatelier.^^ 
According  to  Davis,^"^  CaSO^  +  2HjO  undergoes  a  transforma- 
tion upon  heating  before  it  gives  off  any  water.  Above  600° 
CaSO«  is  dead-burnt;  that  is,  it  cannot  take  up  any  more 
water  (Rohland).^"  Potilizin  *^  found  that  CaSO^  can  recom- 
bine  with  water  only  if  it  has  not  been  heated  to  above  200°. 
The  chemical  analysis  of  the  substance  used  in  the  experi- 
ments is  given  in  Table  XTV, 

Table  XTV.— Composition  of  CaSO^  +  2H^0. 


^  ^  Chemical 

Component.  Analydg. 


j  Per  Cent. 

SO.  46.99 

CaO  I  32.00 

H,0  21.01  a 


SO,  :  CaO  1.4384 


Calculated 
Analysis. 


Per  Cent. 

47.07 
32.01 
20.92 


1.4704 


*■  By  di£Eerence. 

The  lime  was  precipitated  with  ammonium  oxalate,  the  cal- 
cium oxalate  ignited  and  weighed  as  CaO ;  the  sulphur  was 
precipitated  from  a  chloride  solution  with  barium  chloride  and 
weighed  as  BaSO*. 

In  the  dehydration  experiments  there  was  used  0.2  g.  of 
substance;  the  charged  boat  weighed  4.2402  g.  The  bottom 
curve,  Pig.  24,  covers  the  temperature-range  from  16°  to 
110°.  No  loss  in  weight  was  experienced  up  to  30°.  This 
was  confirmed  by  holding  another  sample  just  below  30°  for  a 
considerable  time.  At  30°  is  seen  the  first  retardation,  which 
extends  to  77°.  The  second  thermal  effect  is  seen  at  80° ;  it 
extends  to  110°.     The  charged  boat  heated  to  110°  weighed 

^  ZeUtchrift  fur  phynkaliaehe  Chemie,  vol.  xlv.,  p.  257  (1903). 

^  ChmpUi  rmdvs  de  VAeaxUmie  des  Sciencea,  vol.  zcvi.,  No.  23,  p.  1668  (1883). 

^  Jovmal  of  the  Society  of  Chemical  Industry,  vol.  xxvL,  No.  13,  p.  727  (July  16, 
1907). 

*«  ZeitKhrififur  cmorganitche  Chemie,  vol.  zzzvi.,  No.  3,  p.  332  (Sept  16, 1903). 

'"  Journal  der  rusMchen  phy9ikaliach-chemi9chen  Oesellschaftj  vol.  zzvi.,  p.  170 
(1894). 
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4.2238  g. ;  holding  for  30  min.  at  this  temperature  reduced  the 
weight  to  4.2090  g.  There  had  been  expelled  0,0312  g.  of  H,0, 
which  corresponds  to  1.5  molecules  of  H,0  (=  0.0813  g.). 
Tests  in  the  thermostat  at  88°  for  40  hr.  showed  no  loss  in 
water.  The  retardation  at  80°  must  be  ascribed  to  a  trans- 
formation followed  by  an  expulsion  of  water.  In  the  thermo- 
stat 1  molecule  of  H,0  was  expelled  at  38° ;  this  is  indicated 
in  the  curve  by  a  very  slight  retardation.  In  the  upper  curve, 
representing  the  temperature-range  from  110°  to  844°,  there 


TIME,  MINUTES. 

Fig.  24.— Dehydration  of  CaSO^  +  2H,0. 

is  seen  a  retardation,  which  begins  at  149°  and  stops  at  255°  ; 
it  represents  the  expulsion  of  the  remaining  0.5  molecule 
of  H,0.  The  boat  heated  to  344°  weighed  4.2056  g. ;  heating 
for  1  additional  hour  at  340°  reduced  the  weight  to  4.2054  g. 
There  had  been  expelled  0.0348  g.,  which  corresponds  to  2 
molecules  of  H,0  (=0.0348  g.). 

The  dissociation  of  anhydrous  CaS04  has  been  studied  by 
Hofman  and  Mostowitsch,"®  who  found  that  dissociation  began 
at  1,200° ;  that  the  salt  fused  at  1,360°,  being  more  or  less  de- 


"«  rra7W.,xxxix.,  628  (1908). 
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composed ;  that  the  presence  of  SiO,  lowered  the  beginning  of 
the  dissociation  to  1,000°,  and  that  the  formation  of  CaSiO^ 
was  finished  at  1,250° ;  that  Fe,0,  acted  similarly  to  SiO„  the 
dissociation  beginning  at  1,100°,  and  finishing  at  1,250°. 

14.  Barium  Sulphate^  BaSO^. 

The  mineral  barite  forms  white  orthorhombic  crystals 
having  a  vitreous  to  resinous^luster ;  the  artificial  product  is  a 
white  crystalline  substance  when  precipitated  from  a  hot  «cid 
solution. 

The  dissociation  of  this  salt  has  been  studied  by  Mostowitsch,"* 
who  found  that  the  prepared  salt^gives  ofi*  SO,  at  1,510°,  fiises 
at  1,580°,  but  is  not  completely  decomposed  even  then,  as  the 
fused  mass  is  a  mixture  of  BaO  and  BaSO*.  He  ascertained 
that  the  presence  of  a  small  amount  of  foreign  substance 
lowered  the  dissociation-temperature;  also  that  SiO,  caused 
decomposition  to  begin  at  1,000°,  and  that  with  Fe,0,  it  started 
at  1,100°, 

V.  Hydrous  Sulphates  in  General. 

Our  experiments  have  shown  that  in  subjecting  a  hydrous 
sulphate  to  a  gradually  increasing  temperature  all  the  water 
of  crystallization  is  split  off  and  carried  away  by  the  current  of 
dry  air  passing  through  the  heating-tube.  This  separation  of 
water  does  not  take  place  continuously,  but  in  a  series  of  steps. 
Thus  it  has  been  shown  that  at  a  given  temperature  a  sulphate 
with  a  certain  amount  of  water  of  crystallization  exists,  inde- 
pendently of  the  other  hydrous  salts  that  the  sulphate  is  capa- 
ble of  forming.  The  hydrous  sulphate  is  a  definite  chemical 
compound  which  takes  part  as  such  in  chemical  reactions.  An 
interesting  fact,  noted  first  by  Graham  "'  and  brought  out  in 
these  experiments,  is  that,  as  a  rule,  the  last  molecule  of  H,0 
requires  for  its  separation  a  much  higher  temperature  than  do 
the  others,  which  usually  are  split  off  below  the  boiling-point 
of  water,  and  which  are  separated  from  one  another  by  small 
intervals  of  temperature. 

The  results  of  our  experiments  upon  dehydration  are  brought 
together  in  Table  XV. 

"»  MetaUurffie,  vol.  vL,  No.  14,  p.  450  (July  22,  1909). 

"«  Philaaophieal  Magazine,  Third  Series,  vol.  vi.,  No.  35,  p.  327  (May,  1835). 
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Table  XV. — Dehydration  of  Metallic  Sulphates. 


Temperature  of 
Begixming  of 
Dehydration. 

Product 
Formed. 

Remarks. 

FeSO.  H-  7H*0 

Degrees  C. 

21 

80 

406 

51 

82 

97 

109 

180 

316 

27 

93 

155 

25 

60 

152 

25 

28 

115 

225 

40 

106 

279 

19 

58 

276 

30 

41 

170 

19 

38 

112 

203 

30 

80 

149 

FeS04  -f  4H,0 

FeS04  +  H,0 

Fe,0,  -f  2SO3 

A1,(S04)3  +  13H,0 

A1jSO4»5  4-10H,O 

Af,(S04),  +  7H,0 

Alo(SOi)3  +  4H,0 

Ala(S04),  -f  H,0 

A1,(S04)3 
CuS04  +  3K,0 
CUSO4  -f  BLO 

CUSO4 
MnS04  4-2H20 
MnS04  4-  H,0 

MnS04 

ZnS04-f6H,0 

ZnSO.  -f  2H,0 

ZnS04+H,0 

ZnSOi 
NiS04  +  4H,0 
NiS04  -f  H3O 

NiS04 
CoSOi  -(-  4H,0 
C0SO4  -f  H,0 

C0SO4 
CdS04  -(-  2H2O 
CdSO.  +  H,0 

CdS04 
MgS04  +  6H,0 
MgS04  -f  2H,0 
MffSO.  +  H,0 

Slight  apple-green. 
White. 

FeSO.  +  4HA 

FeSO.  +  U,0 

Yellowish  brown. 

A],im,k  +  It^HjO 

A1,(S0,),  +  13H,0..  .. 

AUSO,)»  +  10H,O.... 

AlJSO^),  +  7H,0 

A1JS0,),>4H,0 

A1,(S0J,  +  H,0.. 

CuSO,  +  5IL0.-.. 

White. 

White. 

White. 

White. 

White. 

White. 

Sky-blue. 

Pale  blue. 

CuSO.  +  3H.O.,-,. 

CuSO.  +  H*0...„ 

White. 

MnB<\  +  5H,0 

MnS0,  +  mO. ....... 

MdSO, +  h7>. 

ZnSO.  +  7H,0 

Pale  peachblossom. 
Paler  than  preceding. 
Paler  than  preceding. 
White. 

ZnSO.  +  6n,0, 

White,  granular. 

White. 

White. 

ZuSO,+  2HjO... 

ZtiSO.  4-  H*tX 

NiSO.  -h  7H.0 

Green. 

i^isij.  +  4h;o.. 

Yellow. 

KiSO.  +  H.a 

Orange  colored. 
Rose. 

CoSO.  +  7H,0 

CoSO.  -  4H*0..... 

Lilac. 

CoSO.  4-  H-O 

Lilac. 

CkiSO^  +  fH-O 

CdSO^  _i_  jglo 

White. 
White. 

CdS04-(-HaO 

White. 

MeSO.  4-  7H,0 

White. 

MirS0.  +  6H,0 

White. 

MffSO.  4-2H,0 

Whit^ 

Mg804-(-H,0 

C^0^-I-2H,0 

MgS04           :  Whit^ 
CaS04  4-H20        Whitfi- 

2CaS04  +  2lL0 

2CaS0^-l-H,0 

2CaS04  4-  H,0 
2Cfl804 

White. 

In  examining  the  several  hydrous  sulphates  from  the  point 
of  view  of  the  periodic  system  (Mendel ejeflF  table,  p.  943),  it  is 
seen  that  the  sulphates  of  each  group  have  certain  character- 
istics. Using  the  notation  of  Miiller-Erzbach  "*  to  represent 
the  splitting-off  of  the  several  molecules  of  water,  there  ap- 
pears the  following : 

For  group  VIII.,  to  which  belong  the  metals  Fe,  Co,  Ni,  Cu, 
we  have  the  formula : 

MSO  -h  IKO 

—  .  pH,0      +"^Q>  ^^*  ^  =  3  for  Fe,Co,Ni,  and  n  =  2  for  Cu. 

"•  Arvnalen  der  ChemU  und  Phynk,  vol  xix.,  p.  135  (1896). 
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Of  the  7  molecules  of  water  of  C0SO4  +  TH^O,  for  example, 
there  are  first  expelled  3  molecules  of  H,0,  then  3  more,  and 
finally  1  molecule. 
For  group  VII.,  to  which  belongs  Mn,  we  have  the  formula : 

M80,+  1H0        ^^      .' 

—     ^-CTQ    — h  nHjO,  with  n  =  3 

Of  the  5  molecules  of  water  of  MnSO^  +  SH^O,  there  are  first 

expelled  3  molecules,  then  1  molecule,  and  again  1  molecule. 

For  group  III.,  to  which  belongs  Al,  we  have  the  formula : 

MS0,+  1H.0 

—  ,     jT  o —  +  nil.O 

TT^ +nH.O 

J:°^Q ,  with-ii=  3 

+  nH,0 

Of  the  16  molecules  of  water  of  Al,  (SO,),  +  16H,0,  there  are 
expelled  3  molecules  in  each  of  the  5  different  stages,  when  the 
last  molecule  follows  suit. 

For  group  II.,  to  which  belong  Mg,  Ca,  Zn,  Cd,  we  have  the 
general  formula: 


MS0,  +  1H,0 

+  IH.O'-  +  "^Q 
+  1H,0 


with  n  =  4 


Of  the  7  molecules  of  water  of  MgSO^  +  7H,0,  there  is  first 
expelled  1  molecule,  then  follow  4,  afterward  are  split  off 
separately  the  6th  and  the  7th. 

It  is  further  seen  that  in  each  group  there  is  found  with  the 
rise  of  the  atomic  weight  a  fall  in  the  water  of  crystallization. 
Thus  in  group  Vm.,  (Fe,  Ni,  Co)SO,  have  7  molecules  of  HjO, 
while  CuSO^  has  only  5 ;  in  group  11.  (Mg,  Zn)  80^  have  7  mole- 
cules, while  CdSO^  has  only  |  molecules.  The  metals  having 
the  largest  atomic  weights,  Ag,  Pb,  and  Ba,  are  anhydrous. 

In  each  group  the  even-numbered  series  has  less  water  of 
crystallization  than  the  odd-numbered.  Thus  in  group  II, 
(Ca,  Ba)SO^  have  less  combined  water  than  (Mg,  Zn,  Cd)SO^. 

VI.  Anhydrous  Sulphates  in  General. 
The  amounts  of  heat  necessary  to  decompose  the  several 
anhydrous  sulphates  vary  greatly;  some  are  dissociated  at  low 
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temperatures,  others  at  high.  The  results  of  our  experiments 
are  assembled  in  Table  XVI.,  in  which  they  are  arranged  in 
the  order  in  which  they  are  dissociated  with  increasing  tem- 
peratures. In  one  column  are  given  the  temperatures  at  which 
decompositions  start,  in  another  the  temperatures  at  which  they 
become  energetic;  the  second  column,  therefore,  gives  tem- 
peratures which  are  available  for  furnace-work.  The  table 
shows  that  some  sulphates  are  directly  converted  into  oxides, 
while  the  dissociation  of  others  first  leads  to  a  basic  salt  stable 
at  the  temperature  at  which  the  first  SO,  is  driven  off.  The 
basic  sulphates  obtained  in  the  present  series  of  experiments 
are:  Fe^-SSO,;  681,03.4(803)3;  2CUO.SO3;  GPbO.SSO,; 
8Zn0.2S03;  SCdO.SO,. 


Table  XVI. — Desulphaiization  of  Anhydrous  Metallic  Sulphates. 


Metallic 
Sulphates. 

Temperature  of 

Beginning  of 

Decomposition. 

Tempera- 
ture of 
Energetic 
Decompo- 
sition. 

Products  of 
Decomposition. 

Remarks. 

FeSO^ 

Degrees  C. 
167 
492 
570 
590 
637 
653 
699 
702 
702 
702 
720 
755 
827 
870 
878 
890 
917 

Degrees  C. 
480 
560 
639 
639 
705 
670 
790 
720 
736 
764 
770 
767 
846 
890 
890 
972 
925 
962 

5Bi,Oa-4^S08)j 

AlA 

6Pb0.5SO, 
2CuO.SO, 

Mn,04 
3Zn0.2S03 

CuO 

NiO 

CoO 

ZnO 
5CdO.SO, 

'W 

MgO 

2PbO,S03(?) 
CaO 
BaO 

Yel  low-brown 

Fe,0,.2S0, 

BLfSOA 

Bed. 
White 

A1,(S0,), 

PbS04 

White. 
White. 

CuSO^ 

Orange-color. 
Dark  red  in  hi  ark 

MnS04~ 

ZnSO^ 

White,  cold  and  nofc. 

2CuO.S08 

NiSO* 

Black. 

Brownish  green. 

Brown  to  black. 

H<  ^t  yellow,  cold  white. 

White. 

C0SO4 

3Zn0.2SOs 

CdSO^ 

5Bi,08.4(SO,V. 

5CdO.SO, 

MgSO* 

Yellow. 

Black. 

White. 

Ag-SO. 

Silver  white. 

6PbO,5SO, 

Oa804 

952 
1.900 

White  to  yellow. 
White. 

BaSO^ 1-510 

White. 

' 

Considering  the  formation  of  basic  salt  from  the  point  of 
view  of  the  periodic  system,  it  appears  that  in  each  group  the 
tendency  to  form  basic  salts  increases  with  the  rise  of  the 
atomic  weight.  Thus  in  group  VIII.,  in  the  iron  series,  Cu, 
with  the  largest  atomic  weight,  forms  a  basic  salt,  while  Fe, 
with  the  smallest  atomic  weight,  forms  no  ferrous  basic  salt; 
normal  ferric  salt  also  forms  no  basic  salt.     In  groups  Y.  and 
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IV.,  the  metals  with  the  highest  atomic  weights,  that  is,  Bi  and 
Pb,  form  basic  salts.  In  group  11. ,  MgSO^  is  dissociated  into 
MgO  and  SO3,  while  (Zn,  Cd)SO^  form  basic  salts. 

Independently  of  the  periodic  system,  there  will  be  noted 
farther  characteristics :  Normal  sulphates  which  do  not  form 
basic  salts  upon  dissociation  show  both  BO,  and  BO,  in  the 
gaseous  product;  normal  sulphates  which  form  basic  salts  upon 
dissociation  evolve  only  SO,  when  they  pass  from  the  normal 
to  the  basic  state  basic  sulphates  upon  dissociation  into  MO 
set  free  only  SO,;  metallic  sulphates  with  bases  M^O,  and 
M,0  do  not  form  basic  sulphates  upon  dissociation ;  the  former 
set  free  SO,,  the  latter  SO,. 

Mmdelejeff  Table. 


Group. 

I. 

XL 

III. 

IV. 

V. 

VL 

VII.    I                  VIII. 

Series. 
1. 

.     H 

1 

RH« 

RH» 

RH« 

1        Composition  of 
RH    '  Hydrogen  Compounds. 

2. 

Li     .     Be     . 
7           9.1 

B       . 
11 

C       . 
12 

N 
14 

0       . 
16 

F      . 
19          i 

8. 

.    Na 
28 

.    Mg 
2474 

.     Al 
27 

.      81 
28 

P 
31 

S 
82 

.    01 
85.5 

4. 

K      . 
39.1 

Ca    . 
40 

8c      . 
44 

Ti      . 
48.1 

V      . 
51.2 

Or    . 
52.8 

Mn      . 
55 

Fe     Co      Ni      Cu 
66     59.1    58.5      68.3 

5. 

.    (Cu) 
63.3 

.    Zn 
65.4 

.     Oa 
69.9 

.    Ge 
72.5 

.     As 
76 

.     8e 
79 

.     Br' 

80| 

6. 

Rb    .     Sr     . 
85.4       187.5 

Y 

89 

Zr    . 

90.7 

Nb    . 
93.5 

Mo    . 
9o.9 

'   Ru     Rh      Pd      Ag 
101.7  102.9  106.7    107.9 

7. 

.    (k%)\  .    Cd 
107.9'      112.4 

.     In 

114.8 

.     Sn 
119 

.    Sb 
120.2 

.    Te 
126.2 

.    I 
126.9 

8. 
9. 

Cs      . 
182.8 

Ba    . 
137 

138.5 

Ce     . 
141.5 

DI? 
145 

• 

1 

10. 

. 

• 

Yb     . 
178.2 

• 

Ta 
182.8 

W       . 

184 

• 

Os       Ir      Pt       Au 
190.9    193.1  195.2    197.2 

11. 

.   (Au) 
197.2 

•  Sg 

.    Tl 
204 

.    Pb 
207.1 

.      Bi 
208 

• 

12. 

• 

R«0* 

• 

Th     . 
232.4 

R«0< 

U     . 
238.5 

• 

RK) 

R«0» 

R«0» 

R«0« 

R«07 

Composition  of 
Highest  Saline  Oxides. 

RO« 

R0» 

1       RO* 
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[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


Flameless  Combustion. 

BT  CARLETON  ELUS,   MONTCLAIB,   N.   J. 
(Preaented  at  a  meeUng  of  th«  New  York  Local  Section  of  the  Institute,  Apr.  12, 1912.) 

I.  Introduction. 

The  problem  of  the  influence  of  hot  surfaces  upon  gaseous 
combustion  is  one  which,  from  a  purely  scientific  stand-point, 
has  engaged,  for  many  years  past,  the  attention  of  Prof.  William 
A.  Bone,  of  Leeds  University  and  the  Imperial  College,  Lon- 
don ;  and  as  his  recent  work  has  been  the  direct  outcome  of 
earlier  scientific  investigation,  it  will  be  appropriate,  by  way  of 
introduction,  to  review  briefly  the  present  position  of  science 
with  respect  to  this  important  subject,  as  stated  by  Professor 
Bone. 

One  may  perhaps  best  arrive  at  an  understanding  of  the  term 
"  flameless  "  or  "  surface  *^  combustion  by  considering  certain 
facts  which  differentiate  it  from  the  more  familiar  processes  of 
combustion  as  they  occur  in  ordinary  flames.  All  hot  surfaces 
have  an  accelerating  influence  upon  chemical  changes  in  gas- 
eous systems.  If,  at  any  temperature,  a  gaseous  system,  A, 
tends  to  pass  over  into  another  system,  JB,  contact  with  a  solid 
at  the  same  temperature  will  accelerate  the  process. 

To  take  a  very  simple  example,  if  a  mixture  of  hydrogen 
and  oxygen  in  their  combining  proportions  (electrolytic  gas) 
were  maintained  in  an  inclosure  with  smooth  glass  walls  at  a 
temperature  of,  say,  450°  C,  there  would  certainly  be  a  tend- 
ency to  form  steam,  but  the  rate  of  change  would  be  negli- 
gibly small.  If,  however,  there  were  brought  into  the  system 
some  porous  solid  material  at  the  same  temperature,  so  that  a 
large  surface  was  exposed  to  the  gases,  the  rate  of  change 
would  at  once  be  rapidly  accelerated  in  the  layer  of  gas  imme- 
diately in  contact  with  the  hot  surface.  Steam,  the  product, 
would  diffuse  outward  from  the  surface,  and  the  supplies  of 
hydrogen  and  oxygen  at  the  surface  would  be  renewed  by  dif- 
fusion inward.     Thus  combustion  would  proceed  heterogene- 
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ouslj  at  the  surface  until  the  transformation  of  the  original 
electrolytic  gas  into  steam  was  complete.  In  the  circumstances 
just  cited,  the  rate  of  combustion,  although  now  quite  measur- 
able, would  probably  be  insuflBLcient  to  cause  any  self-heating 
of  the  inclosure.  The  temperature  would  remain  at  450°  C, 
which  is  well  below  the  ignition-temperature  of  the  combusti- 
ble mixture,  or  the  point  at  which  a  solid  would  attain  even 
incipient  incandescence. 

It  is  therefore  necessary  to  distinguish  between  two  possible 
conditions  under  which  gaseous  combustion  may  occur,  namely : 
(1)  homogeneously,  that  is  to  say,  equally  throughout  the  sys- 
tem as  a  whole,  at  temperatures  below  the  ignition-point,  slowly 
and  without  flame,  and  at  temperatures  above  the  ignition- 
point,  rapidly  and  with  flame ;  and  (2)  heterogeneously,  or  only 
in  layers  immediately  in  contact  with  an  incandescent  surface 
("  surface  "  or  "  flameless  "  combustion).  Other  things  being 
equal,  the  heterogeneous  surface-combustion  is  a  faster  process 
than  the  normal  homogeneous  combustion  of  ordinary  flames. 

The  influence  of  hot  surfaces  upon  combustion  at  low  tem- 
peratures seems  to  have  occupied  the  attention  of  several  chem- 
ists (Dulong  and  Thenard  and,  independently,  Dobereiner,  in 
France,  Sir  Humphry  Davy,  William  Henry,  Thomas  Graham, 
Faraday,  and  de  la  Rive,  in  England)  during  the  first  third  of 
the  last  century;  but  no  one  of  these  distinguished  men  suc- 
ceeded in  evolving  a  satisfactory  theory  of  the  phenomenon, 
nor,  with  the  exception  of  the  famous  "  Dobereiner  lamp,"  was 
there  any  practical  outcome  of  their  efforts.  In  1836,  after  a 
long  but  abortive  controversy  between  Faraday  and  de  la  Rive, 
interest  in  the  subject  was  dropped,  not  to  be  revived  until 
recent  years.  Professor  Bone's  attention  was  first  drawn  to  the 
subject  during  the  course  of  an  investigation  on  the  combustion 
of  hydrocarbons  at  low  temperatures.  The  subject  soon  became 
so  absorbingly  attractive  that  he  embarked  upon  what  proved 
to  be  a  long  inquiry  into  the  influence  of  a  great  variety  of  hot 
surfaces  upon  the  combination  of  hydrogen  and  oxygen  at 
temperatures  below  the  ignition-point.  The  inquiry  has  also 
included  other  cases  of  slow  combustion ;  and  experiments  now 
in  progress  in  his  laboratory  will  materially  advance  the  science 
of  the  subject. 

Professor  Bone's  experimental  results  justify  the  conclusion 
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that  the  power  of  accelerating  gaseous  combustion  at  tempera- 
tures below  the  ignition-point  is  possessed  by  all  surfaces  in 
varying  degrees,  dependent  upon  their  chemical  characters  and 
physical  texture.  Moreover,  the  "  activity  "  of  a  given  surface 
can  be  enhanced  or  diminished  at  will  in  a  truly  marvelous 
manner  by  previous  special  treatment.  Thus,  for  example,  in 
the  case  of  the  combination  of  either  hydrogen  or  carbon  mon- 
oxide with  oxygen,  in  contact  with  a  non-oxidizable  metal  or 
non-reducible  oxide,  the  "activity"  of  the  surface  may  be 
greatly  stimulated  by  previous  contact  with  the  combustible 
gas,  and,  conversely,  may  be  diminished  by  previous  contact 
with  oxygen.  Again,  there  is  abundant  evidence  that  the  actual 
surface-combustion  is  dependent  upon  a  prior  "absorption" 
(or  condensation)  of  the  combustible  gas,  and  possibly  also  of 
the  oxygen,  by  the  surface.  To  what  extent  oxygen  is  involved, 
is  not  as  yet  perfectly  clear.  The  "  absorbed  "  (or  condensed) 
gas  becomes  "  activated  "  (probably  "  ionized,"  as  the  physicists 
would  call  it)  by  association  with  the  surface.  Finally,  certain 
important  differences  have  been  established  between  ordinary 
homogeneous  combustion  and  heterogeneous  surface-  or  flame- 
less  combustion.  Thus,  for  example,  whereas  the  presence  of 
water-vapor  certainly  accelerates,  if  it  is  not  essential  to,  the 
homogeneous  combustion  of  carbon  monoxide,  it  greatly  retards 
the  heterogeneous  combustion  of  the  same  gas  in  contact  with 
a  surface  such  as  fire-clay.  Again,  whereas  methane  has,  in 
ordinary  flames,  a  much  greater  affinity  for  oxygen  than  either 
hydrogen  or  carbon  monoxide,  a  hot  surface,  by  virtue  of  some 
"  selective  "  action,  will  completely  reverse  this  usual  order  of 
things — a  remarkable  circumstance,  than  which  no  better  proof 
could  be  afforded  of  the  reality  of  surface-combustion. 

In  a  discussion  before  the  British  Association  in  1910,  Sir 
J.  J.  Thompson  insisted  that  combustion  is  concerned  not  only 
with  atoms  and  molecules,  but  also  with  electrons — i.  c,  bodies 
of  much  smaller  dimensions  and  moving  with  very  high  veloci- 
ties— and  suggested  that  "  in  reference  to  the  influences  of  hot 
surfaces  in  promoting  combustion,  to  which  Professor  Bone 
has  drawn  attention,  it  was  not  improbable  that  the  emission 
of  charged  particles  from  the  surface  was  a  factor  of  primary 
importance."  Those  who  have  followed  recent  developments 
of  the  corpuscular  theories  of  electrical  action  will  recall  the 
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experimental  proof  that  incandescent  surfaces  emit  enormous 
streams  of  electrons,  traveling  with  high  velocities ;  and  the 
action  of  such  surfaces  in  promoting  combustion  may  ulti- 
mately be  found  to  depend  on  the  fact  that  they  bring  about 
the  formation  of  layers  of  electrified  gas,  in  which  chemical 
changes  proceed  with  extraordinary  rapidity. 

A  distinguishing  feature  of  the  new  processes  employing 
flameless  combustion  is,  that  a  homogeneous  explosive  mixture 
of  gas  and  air,  in  the  proper  proportions  for  complete  combus- 
tion (or  with  air  in  slight  excess),  is  caused  to  burn  without 
flame  in  contact  with  a  granular  incandescent  solid,  whereby  a 
large  proportion  of  the  potential  energy  of  the  gas  is  immedi- 
ately converted  into  radiant  form.  The  advantages  claimed 
for  the  new  system  are :  (1)  the  combustion  is  greatly  acceler- 
ated by  the  incandescent  surface,  and  may  be  concentrated  just 
where  the  heat  is  required ;  (2)  the  combustion  is  perfect  with 
a  minimum  excess  of  air ;  (8)  the  attainment  of  very  high  tem- 
peratures is  possible  without  the  aid  of  elaborate  "  regenera- 
tive "  devices ;  and  (4),  by  reason  of  the  large  amount  of  radi- 
ant energy  developed,  transmission  of  heat  from  the  seat  of 
combustion  to  the  object  to  be  heated  is  very  rapid.  These 
advantages  are  so  uniquely  combined  in  the  new  system  that 
the  resultant  heating-effect  is,  for  many  important  purposes, 
not  only  pre-eminently  economical,  but  also  easy  of  control. 

II.  Diaphragm-Heating  and  Its  Applications. 
In  this  process  the  homogeneous  mixture  of  gas  and  air  is 
allowed  to  flow  under  slight  pressure  from  a  suitable  feeding- 
chamber,  through  a  porous  diaphragm  of  refractory  material, 
and  to  burn  without  flame  at  the  surface  of  exit,  which 
is  thereby  maintained  in  a  state  of  red-hot  incandescence. 
The  diaphragm  is  composed  of  granules  of  fire-brick  bound 
together  into  a  coherent  block  by  suitable  means.  Its  porosity 
is  graded  to  suit  the  particular  kind  of  gas  for  which  it  is  to 
be  used ;  but  for  undiluted  coal-gas,  or  coal-gas  containing  only 
a  small  proportion  of  water-gas,  a  diaphragm  so  porous  that 
the  gaseous  mixture  will  readily  flow  through  it  at  a  pressure 
of  I  in.  water-gauge  is  employed.  It  is  mounted  in  a  suitable 
casing;  the  space  inclosed  between  the  back  of  the  casing  and 
the  diaphragm  constituting  a  convenient  feeding-chamber  for 
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the  gaseous  mixture,  which  is  introduced  at  the  back.  Such  a 
mixture  may  be  obtained  in  either  of  two  ways :  namely,  (1) 
by  means  of  suitable  connections  through  a  Y-pi^ce  with 
separate  supplies  of  low-pressure  gas  and  air  (2  or  8  in.  water- 
gauge  only  is  suflBlcient) ;  or  (2)  by  means  of  an  injector-ar- 
rangement connected^with  a  supply  of  gas  at  2  lb.  per  sq.  in. 
pressure.  In  this  case  the  gas  draws  its  own  air  from  the  at- 
mosphere in  sufficient  quantity  for  complete  combustion ;  the 
proportions  of  gas  and  air  being  easily  regulated  by  a  simple 
device. 

To  start  up  a  diaphragm,  gas  is  first  of  all  turned  on  and 
ignited  as  it  issues  at  the  surface ;  air  is  then  added  gradually 
until  a  fully  aerated  mixture  is  obtained.  The  flame  soon  be- 
comes non-luminous  and  diminishes  in  size ;  a  moment  later, 
it  retreats  to  the  surface  of  the  diaphragm,  which  at  once  as- 
sumes a  bluish  appearance;  soon,  however,  the  granules  at 
the  surface  attain  an  incipient  red  heat,  producing  a  curious 
mottled  ejSect;  and,  finally,  the  whole  of  the  surface-layer  of 
granules  becomes  red-hot  and  an  accelerated  '^  flameless  com- 
bustion "  comes  into  play.  All  signs  of  flame  disappear,  and 
there  remains  an  intensely  glowing  surface— a  veritable  wall 
of  fire  but  without  flame — throwing  out  a  radiant  heat  which 
can  steadily  be  maintained  as  long  as  required. 

The  actual  combustion  in  the  diaphragm  is  confined  within 
a  very  thin  layer  (J  to  J  in.  only)  immediately  below  the  sur- 
face, and  no  heat  is  developed  in  any  other  part  of  the  apparatus. 
While  the  front  of  the  diaphragm  is  intensely  hot,  the  back  of 
the  apparatus  is  so  cold  that  one  can  lay  the  hand  on  it.  The 
combustion  of  the  gas,  although  confined  within  narrow  limits, 
is  perfect;  for,  when  once  the  relative  proportions  of  gas  and 
air  have  been  properly  adjusted,  no  trace  of  unburnt  gas  escapes 
from  the  surface.  Moreover,  the  temperature  at  the  surface  of 
the  diaphragm  can  be  instantly  varied  at  will  by  altering  the 
rate  of  feeding  of  the  gaseous  mixture;  there  is  no  lag  in  the 
temperature-response— a  circumstance  of  great  importance  in 
operations  where  a  fine  regulation  of  heat  is  required.  The 
temperature  of  a  diaphragm  working  on  a  mixture  of  coal-gas 
and  air,  at  a  given  rate  of  feeding,  depends  on  whether  or  not 
the  intense  radiation  from  its  surface  is  impeded ;  with  a  freely 
radiating  surface,  the  temperature  of  a  properly-made    dia- 
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phragm  may  be  maintained  at  any  point  up  to  about  850°  C. 
(say  1,550°  F.),  accprding  to  the  rate  of  supply  of  combustible 
mixture.  A  curious  feature  of  the  diaphragm  is  the  freedom 
from  back-firing  at  this  or  lower  temperature.  Even  when  an 
explosive  gaseous  mixture  is  passed  through  the  porous  wall  at 
a  velocity  very  much  smaller  than  the  normal  speed  of  back- 
firing of  the  mixture,  no  explosion  backward  will  occur.  Such 
a  plain  diaphragm  may  be  placed  at  any  desired  angle  between 
the  horizontal  and  vertical  planes. 

The  diaphragm  method  is  appliable  to  a  variety  of  combusti- 
ble gases.  Coal-  or  coke-oven  gas  (either  undiluted,  or  mixed 
with  water-gas),  natural  gas,  gasolene-air  gas,  carburetted 
water-gas,  are  all  well  suited  in  cases  where  unimpeded  radia- 
tion is  required.  I  have  recently  found  compressed  liquefied 
gas  (Blau  gas)  to  give  satisfactory  results.  Also,  Professor 
Bone  has  constructed  and  successfully  operated  plane  dia- 
phragms of  all  sizes  up  to  4  sq.  ft.  in  area,  and  is  able  to  vouch 
from  experience  that  their  durability  and  radiant  power  are 
unimpaired,  even  after  long-continued  use. 

Incandescence  Not  Dependent  on  External  Atmosphere, 

A  further  important  point  with  regard  to  diaphragm-heating 
is,  that  the  incandescence  of  the  surface  in  no  way  depends 
upon  the  external  atmosphere.  When  once  the  diaphragm  has 
become  incandescent,  and  the  proportions  of  air  and  gas  sup- 
plied in  the  mixing-chamber  at  the  back  have  been  properly 
adjusted,  the  surface  will  maintain  its  incandescence  unim- 
paired even  in  an  atmosphere  of  carbon  dioxide,  nitrogen,  or 
steam. 

Applications  of  Diaphragm-Heating. 

I  need  hardly  point  out  the  many  obvious  purposes  to  which 
** diaphragm-heating"  may  be  applied.  Broiling,  roasting, 
toasting,  ar^  at  once  suggested ;  others  will  doubtless  occur  to 
you ; — such  eflBLcient  means  of  attaining  radiant  heat  can  hardly 
fail  to  find  new  industrial  uses.  The  evaporation  and  concen- 
tration of  liquids  by  means  of  radiant  energy  emitted  from  a 
diaphragm  fixed  in  a  horizontal  plane  above  the  surface  of  the 
liquid  is  readily  carried  out. 

For  example,  the  evaporation  of  a  solution  of  sodium  silicate 
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(water-glass)  is  an  operation  which  could  not  be  satisfactorily 
performed  by  the  ordinary  means  of  heating  the  vessel  by 
flame  from  below.  By  the  new  method,  however,  only  the 
topmost  layers  of  the  liquid  are  heated ;  the  radiant  energy  of 
the  diaphragm  is  instantly  transmitted  to  the  surface  of  the 
liquid,  where  it  is  absorbed  and  utilized  for  the  evaporation. 
The  sodium  silicate  separates  out  as  a  skin  on  the  surface  of  the 
liquid,  it  is  then  dried  by  the  radiant  heat,  and  at  intervals  the 
crust  of  dry  sodium  silicate  may  be  skimmed  ofi.  In  this  way, 
we  are  not  only  able  to  evaporate  the  solution  with  a  great 
economy  of  heat,  but  we  are  also  able  to  complete  the  evapora* 
tion  of  highly  concentrated  solution  much  more  easily  than  by 
means  of  heat  applied  from  below. 

nX  Inoandbsgbnt   Surfaob-Combustion   in   a   Bed   of 
Rbfractort  Granular  Material. 

This  process  is  applicable  to  all  kinds  of  gaseous  or  vapor- 
ized fuels,  and  to  a  great  variety  of  both  small-  and  large-scale 
industrial  heating  purposes.  It  consists  essentially  in  injecting 
through  a  suitable  orifice,  at  a  speed  greater  than  the  velocity 
of  back-firing,  an  explosive  mixture  of  gas  (or  vapor)  and  air, 
in  their  combining  proportions,  into  a  bed  of  incandescent 
granular  refractory  material,  which  is  disposed  around  or  in 
proximity  to  the  body  to  be  heated. 

Fig.  1  shows  the  process  as  applied  to  the  crucible-furnace. 
The  crucible  is  surrounded  by  a  bed  of  highly  refractory 
granular  material.  The  mixture  of  gas  and  air  is  injected  at  a- 
high  velocity  through  a  narrow  orifice  in  the  base  of  the  fur- 
nace, and  as  it  impinges  upon  the  incandescent  bed,  combus- 
tion is  instantaneously  completed  without  flame. 

The  seat  of  this  flameless  combustion  is  in  the  lowest  part 
of  the  bed ;  and  the  burnt  gases,  rising  through  the  upper 
layers,  rapidly  impart  their  heat  to  the  bed,  maintaining  in  it  a 
high  degree  of  incandescence.  Fig.  2  shows  a  similar  arrange- 
ment for  the  heating  of  a  muffle-furnace,  an  arrangement  which 
needs  no  further  explanation. 

It  is  obvious  that  this  process  is  adaptable  to  many  other 
furnace-operations,  as,  for  example,  the  heating  of  retorts,  an- 
nealing-furnaces, and  the  like.  It  is  not  essential  that  the  bed 
of  refractory  material  shall  be  disposed  around  the  vessel  or 
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chamber  to  be  heated;  it  may  be  equally  well  packed  into 
tubes,  or  the  like,  traversing  the  substance  to  be  heated.  This 
latter  modification  is  important  in  relation  to  the  melting  of 
metals  or  alloys  which  are  fusible  at  temperatures  below  about 
600°  C,  and  also  in  relation  to  steam-raising  in  multitubular 
boilers.  By  this  process,  much  higher  temperatures  are  attain- 
able with  a  given  gas  than  by  the  ordinary  methods  of  flame 
combustion  without  a  regenerative  system.  In  fact,  we  have 
found  that  with  any  gas  of  high  calorific  intensity  (such  as 
coal-gas,  water-gas,  or  natural  gas),  the  upper  practicable  tem- 
perature-limit is  determined  by  the  refractoriness  of  the  material 
composing  the  chamber  (i.  6.,  the  muffle  or  crucible)  to  be 


Fig.  1. — Cbucible-Furnacb  Heated  by  Surface-Gombustiok. 

heated,  rather  than  by  the  possibilities  of  the  combustion  itself. 
In  a  crucible  fired  by  coal-gas  on  this  system  we  have  readily 
melted  Seger  cone  No.  39,  which,  according  to  the  latest  de- 
termination of  the  Reichsanstalt  in  Berlin,  melts  at  1,880°  C. 
We  can  also  easily  melt  platinum,  showing  the  possibilities  of 
the  method  in  regard  to  high  temperatures  with  gas-fired  fur- 
naces. Using  air  preheated  to  500°  C,  with  coal-gas,  a  tem- 
perature estimated  at  somewhat  over  2,000°  C.  has  been  at- 
tained. A  very  resistant  chromite,  not  melting  at  1,880°  C, 
was  fused  in  this  way.  Crucibles  of  alundum  are  fused  without 
preheating  the  air. 
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For  the  very  high  temperatures  obtained  with  coal-gas, 
water-gas,  or  natural  gas.  Professor  Bone  employs  a  bed  com- 
posed either  of  fragments  of  magnesia,  which  has  been  burned 
at  a  high  temperature,  or  of  a  neutral  and  highly  refractory 
material  specially  prepared  for  this  purpose.  When  the  tem- 
perature required  does  not  exceed  1,300°  C,  the  bed  of  refrac- 
tory material  may  be  composed  of  a  good  quality  of  fire-brick, 
crushed  and  meshed  to  a  suitable  size.  As  already  remarked, 
the  method  is  applicable  to  all  kinds  of  gaseous  and  vaporous 
fuels,  but  naturally  the  maximum  temperature  obtainable  in 
any  given  case  will  depend  upon  the  volume  and  heat<5apacity 


Fig.  2.— Surface-Combustion  Applied  to  a  Mufple-Fubnacb. 

of  the  products  for  a  given  heat-development  in  the  bed.  Thus, 
while  with  actual  coal-gas,  water-gas,  or  natural  gas,  it  is  possi- 
ble to  attain  temperatures  up  to  at  least  2,000°  C,  about 
1,500°  C.  would  probably  be  the  maximum  temperature  ob- 
tainable without  regeneration  with  producer-gas  of  low  calorific 
intensity,  such  as  Mond  gas.  With  some  degree  of  heat-recu- 
peration, which  in  such  a  case  would  be  quite  practicable,  this 
limit  could  be  in  all  probability  considerably  exceeded. 

The  following  are  the  results  of  a  test  on  a  muffle-furnace  in 
which  the  muffle  was  heated  between  815°  and  1,425°  C,  with 
fully  aerated  coal-gas. 
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Tempei 
in  Middle 


Besidts 

of  Test 

on  a  MuffU-Fumace. 

Dimensions  of  muffle,  9.5  bjr  5.25  bj  3.25  in. 

imture 

QM-Consamptlon  to  Maintain 

Tempera, 
of  ftx>d 

tore 

)  of  Maffle. 

Temp 

erature  Constant. 

act. 

Degrees  F. 

Cubic  Feet  Per  Hour,  at  15^. 

Degrees  C. 

Degrees  F. 

1,499 

21.0 

540 

1,004 

1,840 

35.3 

645 

1,195 

2,201 

68.0 

870 

1,598 

2,696 

79.0 

1,085 

1,985 

Degrees  C. 

816 
1,004 
1,205 
1,424 

Mean  net  calorific  yalae  of  gas  =  540  B.tu.  per  cu.  ft  at  15®  C 

The  conditions  under  which  the  tests  were  carried  out  made 
possible  the  accurate  determination  of  the  rate  of  gas-con- 
sumption requisite  to  maintain  the  muffle  at  any  constant  tem- 
perature between  SIS'"  and  1,426°  C. 

The  temperatures  given  in  the  first  two  columns  are  those 
recorded  by  a  standard  thermo-junction  placed  in  the  middle 
of  the  muffle.  The  temperatures  of  the  escaping  products 
were  also  ascertained  by  means  of  a  standard  thermo-junction« 
It  will  be  observed  that  the  temperature  of  the  products  is  m 
every  case  some  800°  to  400°  C.  lower  than  that  of  the  muffle. 
Even  with  a  muffle-temperature  of  1,424°  C,  there  was  no  ap- 
pearance of  flame  whatever  at  the  top  of  the  furnace.  The 
gaa-consumptions  recorded  in  the  middle  column  are  extremely 
economical  in  comparison  with  ordinary  heating  by  flame-con- 
tact.  Thus,  for  example,  in  a  similar  test  with  a  muffle  of  the 
same  size,  heated  by  flame-contact  in  a  furnace  of  modern  de- 
sign, the  gas-consumption  to  maintain  the  muffle  at  1,055°  C. 
(the  maximum  temperature  obtainable)  was  106  cu.  ft.  per 
hour;  whereas  by  interpolation  in  the  above  table  the  con- 
sumption in  the  surface-combustion  furnace  at  the  same  tem- 
perature would  have  been  about  43  cu.  ft.  per  hour  only. 

In  a  test  which  I  witnessed,  the  consumption  of  gas  by  the 
Bone  muffle-furnace  was  just  one-half  of  that  of  a  good  type  of 
the  ordinary  muffle-furnace  of  similar  capacity,  both  being 
maintained  for  several  hours  at  1,500°  C. 

IV.    SURPACB-COMBUSTION     AS    APPLIED     TO     StBAM-RaISINO    IN 

Multitubular  Boilers. 

It  is  well  known  that  hitherto  the  gas-firing  of  steam-boilers^ 

has  not  been  very  successful,  either  in  thermal  efflciency  or  in 

the  rate  of  evaporation.     All  the  gases  used  in  this  country  for 

raising  steam,  such  as  blast-furnace  gas,  the  surplus  gas  from 
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by-product  coke-ovens,  natural  gas,  and  producer-gas  of  various 
compositions,  have  been  found  amenable  to  the  surface-combus- 
tion system.  An  eminent  English  blast-furnace  engineer  esti- 
mates that  the  efficiency  of  the  best  type  of  water-tube  boiler, 
fired  by  blast-furnace  gas,  does  not  exceed  about  55  per  cent. 
Professor  Bone  asserts  that  careful  observations,  made  on  a 
battery  of  Lancashire  boilers,  fired  by  blast-furnace  gas,  evapo- 
rating water  previously  softened  to  within  4  degrees  of  hard- 
ness, with  an  attachment  of  the  most  approved  type  of  econo- 
mizers (so  that  the  temperature  of  the  burnt  gases  going  to  the 
chimney  was  reduced  to  the  lowest  possible  point  consistent 
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Fio.  3. — Experimental  Boileb  Operated  by  Flamelebs 
Combustion. 

with  good  draft),  proved  that  the  thermal  efficiency  did  not, 
under  the  best  of  conditions,  exceed  60  per  cent.  For  boilers 
fired  by  coke-oven  gas,  one  can  safely  say  that  the  average  ther- 
mal efficiency  does  not  exceed  65  percent.,  while  in  exceptional 
cases  it  may  amount  to  perhaps  70  per  cent. 

Pig.  8  represents  a  multitubular  boiler  of  cylindrical  section, 
operated  by  flameless  combustion.  It  is  traversed  horizontally 
by  a  series  of  steel  tubes,  each  8  ft.  only  in  length  and  3  in.  in 
internal  diameter.  These  tubes  are  packed  throughout  with 
fragments  of  a  suitable  refractory  material,  meshed  to  the 
proper  size.     Into  the  front  end  of  the  tube,  where  the  gaseous 
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mixture  is  introduced,  is  fitted  a  fire-clay  plug,  through  which 
is  bored  a  circular  hole  about  0.75  in.  in  diameter.  This  plug 
serves  the  double  purpose  oP  keeping  the  front  end  of  the 
boiler  cool,  and  of  providing  a  suitable  aperture  through  which 
the  gaseous  mixture  may  be  introduced  at  a  speed  much  higher 
than  the  point  of  back-firing. 

Attached  to  the  front  end  of  the  boiler  is  a  mixing-chamber 
of  special  design,  not  shown  in  detail  in  the  figure.  The  mix- 
ture fed  into  the  boiler-tubes  from  this  chamber  consists  of  the 
combustible  gas,  with  a  proportion  of  air  slightly  in  excess  of 
that  required  for  complete  combustion.  The  mixture  is  injected 
by  pressure,  or  drawn  by  suction,  through  the  orifice  in  this 
fire-clay  plug,  upon  the  incandescent  material  in  the  tubes. 
The  combustion  of  the  mixture  in  contact  with  the  incandes- 
cent material  is  complete  before  it  has  traversed  about  6  in.  of 
the  tube  from  the  point  of  entry.  The  result  is  that  the  core 
of  the  material  at  this  part  of  the  tube  is  maintained  at  a  high 
temperature,  although  the  areas  of  actual  contact  between  the 
hotter  material  and  the  walls  of  the  tube  are  so  rapidly  cooled 
by  the  transmission  of  heat  to  the  water  in  the  boiler,  that  they 
never  attain  a  temperature  even  approaching  red-heat 

The  combustion  having  been  completed,  the  remainder  of 
the  material  acts  as  a  baffle  towards  the  burnt  gases  as  they 
traverse  the  tubes  at  a  high  velocity,  causing  them  to  impinge 
repeatedly  on  the  walls  of  the  tubes.  The  usual  rate  at  which 
the  gaseous  mixture  is  fed  into  the  boiler  corresponds  to  the 
hourly  consumption  of  about  100  cu.  ft.  of  coal-gas  plus  six 
times  its  volume  of  air  for  every  tube  of  the  boiler,  or  an  equiva- 
lent volume  (i.  e.j  equivalent  as  regards  heating-capacity)  of  any 
other  gaseous  mixture.  Thus,  for  the  ten-tube  boiler  on  which 
the  original  experiments  were  made,  the  consumption  of  coal- 
gas  was  about  1,000  cu.  ft.  per  hour,  plus  about  5,500  or  6,000 
cu.  ft.  of  air.  These  figures  indicate  the  extremely  rapid  rate 
at  which  the  mixture  is  caused  to  traverse  the  tubes. 

Utilization  of  the  Heat  in  the  Exit  Gases. 

After  the  burnt  products  have  traversed  the  boiler-tubes, 

their  temperature  is  never  more  than  about  70°  C.  above  that 

of  the  water  in  the  boiler  (which,  of  course,  depends  upon  the 

pressure  at  which  the  steam  is  being  generated).    This  is  a  much 
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lower  temperature  than  that  at  which  the  products  of  combus- 
tion usually  pass  away  from  a  multitubular  boiler.  But,  in  order 
to  increase  still  further  the  output  of  steam,  the  products  are 
passed  through  a  short  tubular  feed-water  heater,  constructed 
on  the  same  principle  as  the  boiler.  During  a  test  carried  out 
in  Leeds,  in  which  steam  was  generated  at  100  lb.  above  atmos- 
pheric pressure,  the  temperature  of  the  products  leaving  the 
boiler-tubes  was  230°  C. — the  actual  boiling-point  of  the  water 
being  170°  C.  These  products,  still  containing  a  certain 
amount  of  valuable  heat,  were  passed  through  a  feed-water 
heater,  only  1  ft.  long,  containing  nine  tubes,  of  the  same  diam- 
eter as  those  in  the  boiler,  packed  with  granular  material.  The 
hot  products,  continually  baffled  in  their  passage  through  the 
tubes,  readily  imparted  their  heat  to  the  cold  feed-water  sur- 
rounding them ;  and  their  temperature  was  thereby  reduced  to 
somewhat  less  than  100°  C. 

The  Ten-Tube  Experimental  Boiler. 

The  connections  to  the  front  of  this  boiler  consisted  essen- 
tially of  a  tube  for  the  supply  of  gas,  and  another  for  the  supply 
of  air.  The  gas  and  the  air  were  mixed  before  entering  the 
feeding-chamber  attached  to  the  front  plate  of  the  boiler ;  the 
gaseous  mixture  was  burned  in  the  tubes  of  the  boiler ;  and  the 
products  passed  outward  at  the  other  end  into  a  small  chamber, 
and  thence  into  the  feed-water  heater. 

The  mixture  of  gas  and  air  was  passed  into  the  feed-chamber 
of  this  boiler  at  a  pressure  of  17.3  in.  water-gauge.  This 
pressure  was  necessary  in  order  to  overcome  the  resistance  of 
the  packing  of  the  tubes.  The  pressure  of  the  products  enter- 
ing the  tubes  of  the  feed-water  heater  was  2  in.  water-gauge, 
so  that  the  pressure  necessary  to  force  the  gas  through  the  zone 
of  combustion,  and  thereafter  through  the  remainder  of  the 
boiler-tubes,  was  about  15  in.  water-gauge.  In  carrying  out 
the  test  the  water  was  evaporated  at  100  lb.  above  atmospheric 
pressure ;  the  temperature  of  the  boiling  water  was  therefore 
168°  0.  (or  337°  F.).  The  temperature  of  the  combustion- 
products  leaving  the  boiler-tubes  was  230°  C.  The  average 
temperature  of  the  products  leaving  the  feed-water  heater  was 
95°  C,  or  203°  F.  The  temperature  of  the  water  entering  the 
feed-water  heater  was  5.5°  C.  (or  42°  F.),  and  it  was  heated  to 
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68°  C.  (or  136.4°  P.)  before  entering  the  boiler,  entirely  at  the 
expense  of  the  burnt  gases. 

The  ratio  between  the  heat  transmitted  to  the  water  and  the 
net  heat  of  combustion  of  the  burnt  gas  in  the  boiler  was  0.94; 
i.  e.y  over  90  per  cent,  of  the  heat  generated  was  utilized. 

It  is  one  of  the  prominent  merits  of  the  new  system  that 
the  gas  is  burned  completely  with  a  minimum  excess  of  free 
oxygen.  During  the  test  in  question,  the  average  proportion 
of  carbon  dioxide  in  the  combustion-products  was  as  much  as 
10.6  per  cent,  while  the  oxygen  was  as  low  as  1.6  per  cent. 
The  most  careful  examination  of  the  products  failed  to  reveal 
the  presence  of  the  slightest  trace  of  carbon  monoxide,  hy- 
drogen, or  methane.  Therefore,  the  remainder  of  the  gas  was 
simply  nitrogen.  Even  with  as  little  as  0.5  per  cent,  of  oxygen 
in  the  products,  the  combustion  of  the  gas  in  the  tubes  is  per- 
fect, not  a  trace  of  combustible  gas  escaping. 

The  Skinningrove  110- Tube  Boiler  for  Coke- Oven  Gas. 

That  the  gas-firing  of  boilers  according  to  the  new  system 
has  been  advanced  beyond  the  merely  experimental  stage  is 
proved  by  the  recent  erection  by  the  Skinningrove  Iron  Works 
Co.,  Ltd.,  Chuland,  Yorkshire,  of  a  110-tube  boiler  capable  of 
evaporating  not  less  than  5,500  lb.  of  water  per  hour,  fired  by 
gas  from  a  new  installation  of  coke-ovens  adjacent  to  the 
blast-furnace.  As  shown  in  Pig.  4,  this  boiler  is  a  cylindrical 
drum  10  ft.  in  diameter,  and  only  4  ft.  from  front  to  back ;  it 
is  traversed  by  110  tubes  of  3  in.  internal  diameter,  packed 
with  fragments  of  fire-brick.  It  is  worked  under  the  suction 
of  a  fan.  To  the  front  is  attached  a  device  whereby  gas  at 
2  in.  water-gauge  pressure  from  a  suitable  feeding-chamber, 
together  with  a  proper  proportion  of  air  from  the  outside  at- 
mosphere, is  drawn  (under  the  suction  of  the  fan)  through  a 
short  "  mixing-tube  "  into  each  of  the  110  tubes  of  the  boiler, 
where  it  is  burned  without  flame,  in  contact  with  the  incandes- 
cent granular  material.  The  products  of  combustion,  having 
traversed  the  4  ft.  of  packed  tube,  pass  outward  into  a  semi- 
circular chamber  at  the  back  of  the  boiler,  and  thence  through 
a  duct  to  the  tubular  feed-water  heater,  represented  in  Pig.  5. 
A  fan  attached  to  the  feed-water  heater  removes  the  cooled 
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prodacts  and  dischargee  them  through  a  short  duct  into  the 
atmosphere  outside  the  boiler-house. 

In  construction,  nothing  could  be  simpler  or  more  compact 
than  a  cylindrical  shell  only  4  ft.  long  by  10  ft.  in  diameter, 
supported  on  a  casting  and  requiring  neither  elaborate  brick- 
work setting  nor  chimney.  The  boiler  has  the  ftirther  struc- 
tural advantage  over  all  other  multitubular  boilers,  that  the 
front  plate  can  never  be  heated  beyond  the  temperature  of  the 
water,  however  much  the  firing  may  be  forced.  This  circum- 
stance, coupled  with  the  extremely  short  length  of  the  tubes, 
implies  an  absence  of  strain  and  greatly  reduces  the  risk  of 


Fig.  4.— Skikkingrove  Gas-Fired  Boiler  Operated  by 
Flameless  Combustion. 


leaky  joints.  Another  feature  of  the  boiler  which  makes  for 
efiiciency  is  the  steep  "  evaporation  gradient "  along  the  tubes. 
Under  the  normal  working-conditions,  the  "mean  evapora- 
tion "  exceeds  20  lb.  per  sq.  ft.  of  heating-surface,  or  about 
twice  that  of  a  locomotive  boiler.  Of  the  total  evaporation, 
no  less  than  70  per  cent,  occurs  over  the  first  third  of  the 
tubes,  22  per  cent,  over  the  next  third,  and  about  8  per  cent, 
over  the  remainder.  Such  a  steep  gradient  causes  a  consider- 
able natural  circulation  of  the  water  in  the  boiler,  a  factor  of 
great  importance  in  good  working.  As  to  thermal  efliciency, 
it  seems  reasonable  to  expect  that  a  boiler-unit  which,  while 
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evaporating  20  lb.  of  water  per  sq.  ft.  of  heating-surface,  trans- 
mits upward  of  90  per  cent,  of  the  net  heat  of  combustion  of 
the  gas  to  the  water,  and  which,  if  need  be,  can  be  forced  to  a 
60  per  cent,  higher  "  duty,"  with  only  a  slight  drop  in  effi- 
ciency, will  stand  unrivaled  as  a  steam-raiser.  Moreover,  in 
the  case  of  a  large  boiler  of  (say)  100  tubes,  "  elasticity  "  may- 
be conferred  by  arranging  the  tubes  in  groups,  so  that  they 
may  be  fired  up  or  completely  shut  off,  group  by  group,  sue 
cessively,  in  correS^)ondence  with  variations  in  the  load. 

The  Skinningrove  boiler  has  proved  almost  completely  auto- 
matic in  its  working,  according  to  the  statement  of  the  man- 
ager of  this  plant,  who  says  also :  "  The  boiler  has  been  off*  for 


Fig.  5. — Feed- Water  Heater  of  the  Skins ing rove  Boiler. 


the  inspection  of  the  tubes,  which  prove  to  be  clean  and  free 
from  scale,  a  fact  which  I  attribute  to  highly  rapid  ebullition. 
During  the  length  of  time  the  boiler  has  been  at  work,  we 
have  had  no  trouble  with  priming ;  the  steam  having  been  at 
all  times  perfectly  dry.  The  average  temperature  of  the  waste 
gases  leaving  the  plant  has  been  from  78  to  80°  C,  which  is 
ample  proof  of  the  boiler's  efficiency." 

Experiments  to  determine  the  value  of  this  type  of  steam- 
generator  as  a  waste-heat  boiler  show  important  economies. 
Work  on  oil-fired  boilers  has  also  been  carried  out  with  satis- 
factory results. 
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V.  The  Melting  of  Easily  Fusible  Metals   and  Alloys. 

It  will  be  readily  understood  that  the  principle  embodied  in 
the  boiler  is  capable  of  great  extension.  Thus,  for  example,  it 
can  be  applied  to  (1)  the  preliminary  concentration  of  dilute 
solutions  and  the  heating  of  liquids  generally ;  (2)  the  heating 
of  large  volumes  of  air ;  and  (3)  the  melting  of  easily  fusible 
metals  and  alloys. 

I  will  here  refer  briefly  to  some  experiments  on  the  fusion 
of  metals.  Professor  Bone's  attention  was  first  drawn  to  this 
subject  by  experts  of  one  of  the  London  gas  companies,  who 
represented  that  there  would  be  a  large  field  of  usefulness  for 
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Fig.  6.— Tank  for  Melting  Metal,  Heated  by  Flamsless 
Ck)MBnsnoN. 

the  process  in  melting  type-metal  for  large  newspapers,  which 
require  for  their  machines  a  continuous  supply  of  molten  type- 
metal.  Fig.  6  represents  an  iron  tank,  efficiently  lagged  and 
filled  to  the  top  with  molten  lead  at  a  temperature  of,  say,  50° 
above  its  melting-point.  In  the  molten  bath  is  fixed  an  iron 
tube,  2  or  3  ft.  long  and  3  in.  in  internal  diameter.  The  tube 
is  packed  (like  one  of  the  boiler-tubes)  with  a  suitable  granular 
refractory  material,  and  there  are  suitable  arrangements  for  the 
introduction  of  the  explosive  mixture  of  gas  and  air  which  is 
to  be  burned  in  the  tube.  When  once  the  device  is  started  up, 
it  can  be  worked  continuously  for  days  together.     Solid  lead  is 
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continaoasly  fed  into  the  apparatas,  and  the  molten  metal  is 
allowed  to  run  over  through  the  spout  indicated  in  the  diagram. 
Experiments  have  been  carried  out  with  tanks  holding  up  to  8 
tons  or  more  of  molten  metal,  in  which  a  series  of  combustion- 
tubes  are  fixed.  By  means  of  such  an  apparatus,  lead  (or  other 
fusible  metals  or  alloys)  may  be  melted  not  only  very  rapidly, 
but  with  extraordinary  efficiency.  The  following  is  the  result 
of  a  test  carried  out  at  the  experimental  station^  with  a  single- 
tube  apparatus : 

Lead-Melting  Test. 

Temperatare  of  metal  charged, 
Temperature  of  metal  tapped, 
Temperatare  of  gaees  leaving  apparatus, 
Lead  melted  per  hour  =  1,176  lb. 
Heat  required  per  hour  to  raise 

metal  from  15*  C.  to  372*»  C.  =  1,176  X  32.67  =  38,420  B.tu. 
Qas  burnt  per  hour  =  100  cu.  ft.  at  N.T.P. 
Net  calorific  value  of  gas  =  559  B.tu.  per  cu.  ft.  at  normal  tem- 
perature and  pressure. 

„    .         88.420 
^tio  =  rz-rr  =  0.686. 
65.900 

The  conditions  were  so  arranged  that  the  mean  temperature 
of  the  molten  metal  in  the  apparatus  was  372°  C.  throughout 
the  test.  Lead  ingots,  each  weighing  about  80  lb.,  were  added 
at  intervals  of  1.5  min.,  and  the  molten  metal  displaced  was 
simultaneously  run  off  into  molds.  Great  care  was  taken  to 
keep  the  bath  thoroughly  molten,  and  at  a  temperature  within 
a  few  degrees  of  the  mean  value.  Burning  gas  of  net  calorific 
value  of  659  B.t.u.  per  cu.  ft.,  at  the  rate  of  100  cu.  ft.  per  hour, 
it  was  found  possible 'to  raise  the  temperature  of  1,176  lb.  of 
lead  per  hour  from  16°  to  872°  C. ;  the  temperature  of  the 
products  of  combustion  leaving  the  tube  being  constant  at  600° 
C,  or  only  128°  above  the  temperature  of  the  molten  metal. 
Using  the  latest  determination  by  Spring  of  the  specific  heat  of 
lead  at  temperatures  up  to  and  above  its  melting-point,  and 
adopting  the  usually  accepted  value  for  the  latent  heat  of  fusion 
of  lead.  Professor  Bone  estimates  that  at  least  70  per  cent  of 
the  heat  developed  was  utilized.  My  observations  of  this  type 
of  heating-apparatus,  in  comparison  with  externally  heated 
melting-pots,  show  a  great  difference  in  fuel-consumption  in 
favor  of  internal  heating. 
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Many  other  appIicationB  of  flamelees  combustion  are  under- 
going exhaustive  investigation  bj  Professor  Bone  and  his  able 
colleague,  CD.  McCourt;  and  in  the  near  future  we  may  look 
for  further  interesting  developments  within  the  many  depart- 
ments of  the  field  of  combustion  without  flame. 

Discussion. 

Arthur  H.  Elliott,  New  York,  N.  Y. :  We  have  all  been 
very  much  interested  in  the  results  of  Dr.  Bone's  work,  which 
Mr.  Ellis  has  presented  to  us  this  evening.  The  high  tem- 
peratures  attained  by  this  method  perhaps  afford  us  an  ex- 
planation of  the  temperatures  reached  in  the  puddling-furnace 
with  its  crude  and  almost  primitive  methods  of  burning  fuel, 
by  means  of  which  we  have,  nevertheless,  been  able  to  melt 
iron  in  a  comparatively  short  time,  and  keep  it  in  a  molten 
condition  down  to  a  high  degree  of  purity.  No  doubt  many 
of  us  have  wondered,  as  I  have  done,  how  such  a  result  could 
be  obtained  in  such  a  way ;  and  it  occurs  to  me  that,  perhaps. 
Dr.  Bone  has  supplied  the  explanation  in  disclosing  the  effect 
on  combustion  of  burning  gas  and  air  after  passing  through, 
and  in  contact  with,  a  porous  refractory  body.  May  not  the 
fettling  of  the  puddling-furnace  have,  in  some  degree,  an  effect 
upon  the  combustion  like  the  influence  of  the  porous  diaphragm 
employed  by  Dr.  Bone  ? 

C.  A.  Mbissnbr,  New  York,  N.  Y. :  I  have  been  much  in- 
terested to  observe  the  shortness  of  the  tubes  of  the  boiler 
and  of  the  hot-water  heater  shown  by  Mr.  Ellis,  especially  in 
connection  with  his  statement  that  these  tubes  showed  no  de- 
posit of  scale  around  the  point  of  combustion,  and  no  deteri- 
oration. In  view  of  the  quick  and  complete  combustion  of 
fuel  under  the  Bone  system,  and  therefore  the  strong  concen- 
tration of  heat  at  one  point,  these  facts,  if  borne  out,  present 
some  very  interesting  features. 

Anton  Eilbrs,  New  York,  N.  Y. :  I  should  like  to  ask  Mr. 
Ellis  if  any  experiments  have  been  made  in  the  direction  of 
applying  flameless  combustion  in  large  metallurgical  opera- 
tions, especially  as  to  its  possible  use  in  the  very  large  rever- 
beratories  used  in  copper-smelting.     If  not,  I  would  suggest 
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that  experiments  in  this  direction  might  be  expected  to  be  very 
important. 

William  Kent,  Montclair,  N.  J. :  Mr.  Ellis's  paper  contains 
many  interesting  facts ;  but  I  do  not  think  it  is  necessary  to 
have  a  new  theory  of  "  surface  combustion,"  increased  chemi- 
cal capacity,  or  catalytic  action  of  the  surfaces  to  explain  the 
phenomena  that  he  describes.  Whenever  a  combustible  gas, 
such  as  methane,  is  intimately  mixed  with  air  in  the  right  pro- 
portions, so  that  each  particle  of  gas  is  in  intimate  contact  with 
enough  oxygen  for  its  complete  combustion,  and  the  mixture 
is  heated  at  any  point  to  the  igniting-temperature,  it  will  burn 
with  the  rapidity  and  completeness  of  an  explosion.  No  kind 
of  combustion  can  be  more  perfect,  and  it  cannot  be  improved 
by  contact  with  the  surface  of  any  solid  material.  The  porous 
diaphragm  shown  by  Mr.  Ellis  merely  acts  like  the  fine  wire 
mesh  of  the  Davy  safety-lamps ;  that  is,  it  prevents  the  retreat- 
ing of  the  flame  back  into  or  behind  the  diaphragm  so  long  as 
the  latter  is  below  the  igniting-temperature,  but  as  soon  as  the 
diaphragm  gets  heated  on  the  flame  side  to  the  igniting-tem- 
perature, the  flame  will  retreat  and  burn  in  the  rear  of  the  front 
surface,  and  among  the  particles  of  the  diaphragm  itself. 

In  regard  to  the  rapid  rate  of  transmission  of  heat  through 
boiler-tubes  when  they  are  filled  with  sand,  among  the  parti- 
cles of  which  the  gas  is  burning,  the  rapidity  of  transmission  is 
not  due  to  any  new  kind  of  combustion,  but  merely  to  the 
heat-conducting  power  of  the  sand  in  direct  contact  with  the 
metal  of  the  tube.  The  sand  constitutes  an  "  extended  sur- 
face," and  it  acts  precisely  like  the  projections  of  the  inner 
surface  of  the  Serve  tube  which  was  used  to  some  extent  in 
English  boilers  several  years  ago,  or  like  the  spiral  metal  "  re- 
tarders  "  in  contact  with  the  inner  surface  of  the  boiler- tube, 
which  are  occasionally  used  in  fire-tube  boilers. 

It  is  not  conceivable  by  any  one  familiar  with  steam-boiler 
practice  that  the  Skinningrove  form  of  boiler  can  ever  come 
into  common  use.  While  the  rate  of  transmission  of  heat 
through  the  tube-surface  may  be  from  two  to  four  times  that  in 
ordinary  boilers,  the  cost  of  the  boiler  will  be  more  than  four 
times  as  great  as  that  of  a  water- tube  boiler  of  the  same  extent 
of  heating-surface,  or  a  water-tube  boiler  of  four  times  the 
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heating-surface  can  be  built  for  less  money.  Besides  this,  the 
cost  of  power  to  push  the  gases  of  combustion  through  the 
sand-filled  tubes  would  be  an  insuperable  objection  to  the  com- 
mercial use  of  such  a  boiler. 

Charles  Edward  Luckb,  New  York,  N.  Y. :  It  was  not  my 
intention  in  coming  here  to  speak  of  my  own  work  in  this  field, 
but  rather  to  learn  of  any  new  developments  that  might  be  re- 
ported by  the  lecturer  of  the  evening.  However,  it  might  be 
well  to  review  some  of  my  old  experiments  and  apparatus  in 
the  burning  of  explosive  gaseous  mixtures  that  seem  to  disclose 
all  that  has  been  described  as  the  work  of  Professor  Bone,  and 
to  offer  a  more  simple  and  adequate  explanation  of  the  phe- 
nomena. Some  years  ago  (about  1900),  the  possibility  of  operat- 
ing internal-combustion  engines  by  a  different  plan  from  that 
used  by  Otto  and  Diesel  was  subjected  by  me  to  a  somewhat 
lengthy  study.  The  scheme  that  seemed  to  offer  many  advan- 
tages consisted  in  compressing  air,  burning  fuel  in  the  com- 
pressed air  at  constant  pressure,  and  subsequently  expanding 
the  heated  products  of  combustion,  a  plan  which,  of  course, 
would  include  the  gas-turbine  as  one  form.^It  became  clear 
very  early  that,  to  get  the  maximum  work  n5m  the  volume  of 
air  compressed,  this  air  should  be  made  to  combine  with  the 
maximum  amount  of  fuel,  or  that  the  combustion  should  take 
place  with  air  and  fuel  in  combining  proportions.  With  fuels 
in  the  gaseous  or  vapor  form,  such  combustion  would  be  explo- 
sive ;  and  so  it  seemed  necessary  to  investigate  the  problem  of 
burning  explosive  gaseous  mixtures  continuously  localized  in  a 
so-called  opmbustion-chamber  or  furnace.  Review  of  U.  S.  pat- 
ents revealed  many  burner-  or  furnace-constructions  intended 
for  the  purpose,  and  practically  all  of  them  were  tried,  as  well 
as  a  good  many  others  designed  by  me ;  but  all  failed  to  work 
properly.  These  failures  led  to  a  study  of  the  literature  of  ex- 
plosive gaseous  combustion,  and  practically  everything  in  print 
was  examined,  with  a  view  to  discovering  some  basic  principles 
for  the  operation  of  the  burner-  or  furnace-apparatus.  With 
the  help  of  this  literature  research,  combined  with  the  experi- 
mental experience  so  far  gained,  I  developed  a  method  of  burn- 
ing explosive  mixtures,  derived  from  both  gas-  and  oil-fuel,  in 
localized  zones  under  perfect  control,  and  the  means  I  employed 
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were  similar  to  those  described  by  Professor  Bone  and  repeated 
by  Mr.  Ellis.  It  is  most  interesting,  however,  to  note  that  the 
reasoning  that  led  to  the  result,  and  the  explanation  of  the  phe- 
nomena, are  different  from  what  they  offer ;  and,  of  course,  it 
is  natural  that  I  should  think  my  own  the  more  satisfactory. 

Great  stress  has  been  laid  by  Professor  Bone  on  the  catalytic 
agency  of  a  porous  incandescent  surface  itself,  as  a  means  of 
promoting  combustion,  and  as  an  explanatory  theory  of  the 
action  taking  place  in  the  apparatus  used  by  us.  There  can  be 
no  doubt  of  the  accelerating  tendency  of  hot  bodies  on  the  rate 
of  combustion-reactions.  Every  one  who  has  worked  with  fires, 
especially  gas-  and  oil-fires,  knows  that  more  fuel  can  be  burned 
in  a  furnace  after  it  is  heated  up  than  when  cold.  But,  as  an  ex- 
planation of  the  peculiarities  of  the  explosive  combustion  pro- 
cesses, this  is  entirely  inadequate.  The  true  explanation,  as  I 
have  previously  pointed  out,  must  be  based  on  adjustment  of 
velocities,  velocity  of  flow  to  velocity  of  propagation  of  inflam- 
mation. When  porous  beds  or  plates  of  solid  matter  are  used 
to  affect  or  control  this  velocity  adjustment,  and  become  hot  in 
so  doing,  of  course,  they  then  bring  into  play  any  catalytic  or 
otherwise  accelerc^ng  tendencies  that  belong  to  them ;  but  the 
prime  action  still' remains  one  of  adjustment  of  flow-velocity  to 
rate  of  propagation.  In  free  flow-paths  it  is  always  true  that 
the  flame-cap  or  sur&ce  of  combustion  will  localize  or  remain 
fixed  only  where  flow- velocity  is  equal  to  rate  of  propagation, 
or  at  the  place  where  the  mixture  approaches  as  fast  as  it  can 
burn  back  towards  the  source  of  supply. 

Let  us  consider  the  line  of  reasoning  that  leads  up  to  this 
conclusion  and  furnishes  the  explanation  of  all  these  ^examples 
of  explosive  combustion,  starting,  first,  with  the  burning  of 
masses  of  explosive  mixture  at  rest,  and  later  with  streams  ot 
mixture  flowing  through  various  forms  of  passages.  Imagine 
Fig.  7  a  mass  of  mixture  at  rest,  ignited  at  the  point  0,  and 
variously  restricted  by  limiting  walls;  at  JL,  no  limit  whatever; 
By  ignition  at  the  apex  of  a  solid  corner ;  (7,  ignition  on  a  flat 
plate ;  D,  inside  the  apex  of  a  cone ;  J&,  ignition  at  a  point  in- 
side of  a  cone  connected  with  a  tube ;  and  F,  at  the  middle  of  a 
tube  alone.  In  all  cases  the  inflammation  started  at  0  will 
move  at  equal  velocities  in  all  directions  and  at  a  rate  generally 
termed  the  rate  of  propagation  and  designated  as  r  ft.  per  sec 
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At  the  end  of  1  sec,  combustion  will  be  taking  place  on  the 
surface  of  a  sphere  whose  radius  is  r  ft. ;  and  this  spherical 
surface,  whether  complete  or  interrupted  by  any  boundary- 
walls,  will  separate  burnt  from  unburnt  gases.     Each  succes- 


ps^m^^s. 


r 


Fig.  T.—CoMBUsnoN-SuBPACES  wbxs  Exploihvb  Mixtubeb,  Vakioublt 

CONTIHBD  A»D  AT  RSBT,  AkK  IgNITED. 

give  second  the  spherical  surface  of  combustion  will  increase  in 
radius  by  r  ft.  until  all  the  mixture  has  been  consumed.  These 
successive  spherical  surfaces  will  be  equally  distant  when  the 
rate  of  propagation  (r)  is  constant;  but  should  it  increase,  the 
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distances  between  the  spheres  of  each  successive  second  will 
increase,  and  inversely  for  a  decrease  of  r.  There  are  many 
known  causes  of  variation  in  the  rate  of  propagation  that  need 
not  be  taken  up  here,  except  to  note  that  the  maximum  rate  is 
that  of  the  detonating  wave  studied  by  Berthelot,  Mallard,  and 
Le  Chatelier,  and  more  recently  by  Dixon,  while  the  minimum 
rate  is  always  zero,  and  the  normal  rate  for  any  mixture  may 
be  reduced  to  zero  by  sufficient  cooling,  or  accelerated  by 
heating. 

However  the  rate  of  propagation  may  vary,  the  combustion 
will  remain  on  a  spherical  surface  if  the  mixture  be  homogene- 
ous; but  non-homogeneous  mixtures,  or  mixtures  in  irregular 
chambers  exerting  variable  influences  on  the  rate  of  propaga- 
tion, will  burn  on  surfaces  that  differ  from  spheres  only  as 
these  influences  determine.  The  influences  that  control  the  ve- 
locity of  propagation  are,  in  the  class  of  cases  under  discussion, 
due  mainly  to  heating  and  cooling  of  the  mixture ;  and  these 
are  illustrated  in  Fig.  8,  showing  the  mixture  at  rest  in  tubes 
of  various  kinds.  In  the  first  tube,  A,  the  walls  are  supposed 
to  be  absolutely  non-conducting  and  of  the  same  temperature 
as  the  mixture,  so  that  the  successive  combustion-surfaces  cor- 
responding to  each  second  of  elapsed  time  after  ignition  at  0 
are  truly  spherical  and  equidistant.  Tube  B  is  provided  with  a 
hot  jacket  on  one  end  and  a  cold  jacket  on  the  other,  affecting 
the  temperature  of  the  mixture  next  the  walls.  On  the  cold 
side,  the  edges  of  the  spherical  surface  of  combustion  are  bent 
back,  due  to  cooling,  while  on  the  hot  side  they  are  bent  for- 
ward, without  affecting  the  distances  between  successive  sur- 
faces at  the  center.  If  the  hot  side  be  warmed  to  the  tempera- 
ture of  ignition,  of  course  the  flame-travel  will  be  wholly 
changed,  as  each  point  of  the  wall  becomes  then  a  new  ignit- 
ing-point,  acting  the  same  as  0.  Should  the  whole  mass  of 
mixture  in  the  hot  end  be  uniformly  hot,  and  that  at  the  cold 
end  uniformly  cold,  then  the  successive  surfaces  would  be  un- 
equally spaced,  as  indicated  by  the  dotted  lines,  without  bend- 
ing at  the  angles.  Tubes  C,  D,  and  E  are  non-homogeneous, 
having  in  the  left-hand  end  packing  of  various  kinds;  C,  a 
bundle  of  small  tubes  or  rods ;  D,  flat  plates  close  together ; 
and  Ey  granular  solid  material.  These  all  exert  cooling  in- 
fluences on  the  flame  passing  between,  and  retard  the  whole 
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advance,  as  is  indicated  by  the  lesser  distances  between  the 
surfaces  on  the  packed  side,  compared  with  the  free  side.  In 
all  these  cases,  if  the  gas-passages  be  small  and  the  quantity 
of  solid  matter  separating  them  be  large,  then  the  cooling  in- 
fluence may  be  so  great  as  to  prevent  flame-passage  at  all,  by 
reducing  the  rate  of  propagation  to  zero;  and  one  common 
application  of  this  principle  is  the  wire  gauze  partition,  illus- 
trated in  Tube  F. 


ANoWallCoolmj. 
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FlO.   8. — C0MBnSTI0N-SnBFAC£8  WHEN   EXPLOSIVE  MlXTUBE  AT  ReST 

IS  Ignited. 

Should  the  solid  matter  forming  the  multiple  flow-paths  for 
the  passage  of  the  flame  be  heated,  it  will  exert  an  accelerating 
influence  on  the  rate  of  propagation,  and  not  only  cease  to  be 
a  flame-interrupting  partition,  but  actually  promote  flame- 
passage. 

With  this  preliminary  discussion  on  the  movement  of  the 
surfaces  of  combustion  in  quiet  mixtures,  at  rates  determined 
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by  heating  and  cooling  iuflaences  in  the  flame-path,  and  the 
efiect  on  the  position  and  shape  of  the  surfJaces,  let  as  consider 
an  explosive  mixture  in  motion,  having  a  flow-velocity  of  v  fl;. 
per  sec.  as  it  issues  from  a  single  orifice,  and  subsequently 
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Fig.  9.— CoMBUsnoN-SuBFACEs  when  Explosive  Mixture  Flows 

TH BOUGH  VaBIOUSLY  FoRMED  PAfiSAGEWATS. 

changing  velocity,  as  illustrated  in  Fig.  9.  In  the  first  case,. 
Aj  the  mixture  flows  through  a  parallel-wall  tube  at  a  velocity,. 
V,  equal  to  the  rate  of  propagation,  r,  so  that,  after  ignition  at 
the  outlet,  the  flame-surface  remains  suspended  in  space,  the- 
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mixture  being  supplied  just  as  fast  as  it  can  burn.  At  Bj  the 
velocity  of  flow,  v,  is  less  than  the  rate  of  propagation,  so  that 
the  combustion  moves  against  the  flow-current,  or  back-flashes^ 
at  a  rate  equal  to  the  difference  r  —  v,  while  at  Cthe  velocity  of 
flow  is  greater  than  the  rate  of  propagation  and  the  surface  of 
combustion  moves  with  the  current  or  blows  off  at  a  rate  equal 
to  the  difference  v  —  r.  In  blowing  off,  however,  the  jet  of  mix- 
ture, as  it  moves  through  the  atmosphere,  diffuses  at  the  edges,, 
so  that  the  cross-section  that  remains  explosive  grows  smaller,, 
while  all  gas  that  is  torn  off  by  diffusion  is  lost  for  combustioD 
entirely. 

That  the  flame-cap  or  surface  of  combustion  may  be  kept 
steady,  or  localized,  requires  very  accurate  adjustment  of  flow- 
velocity  to  rate  of  propagation,  which,  to  be  practical  and  use- 
ful, must  be  automatic.  I,  therefore,  early  adopted  the  broad 
principle  of  supplying  mixture  at  a  velocity  greater  than  the 
rate  of  propagation,  with  subsequent  reduction  of  flow-velocity 
by  sidewise  expansion.  This  was  first  tried  as  in  D,  where  a 
cofiical  nozzle  was  relied  upon  for  exansion  and  reduction  of 
velocity,  but  without  complete  success,  because,  except  when 
the  angle  of  the  cone  was  very  small,  the  jet  expanded  side- 
wise  too  slowly.  It  was  expected,  for  example,  that  where  the 
area  of  the  cone  was  twice  the  area  of  the  throat,  the  velocity 
of  flow  would  be  half  that  of  the  throat,  so  that  if  the  throat- 
velocity  were  twice  the  rate  of  propagation  equality  would  au- 
tomatically occur  at  the  point  where  the  nozzle-area  was  twice 
that  of  the  throat.  Likewise,  as  the  throat-velocity  rose  to 
three  and  four  times  the  rate  of  propagation,  the  flame-cap 
would  locate  by  automatic  equalization  between  velocity  and 
rate  of  propagation  where  the  area  of  cone  was  three  and  four 
times  the  throat-area  respectively.  What  actually  happened 
is  illustrated  in  D,  somewhat  exaggerated.  The  successive 
flame-caps  due  to  increase  of  throat-velocity  located  beyond  the 
expected  position,  and,  becoming  pointed,  proved  insufficient 
sidewise  expansion.  This  was  entirely  cured,  even  for  wide 
angles  of  cone,  by  filling  the  cone  with  loose  refractory  ma- 
terial, as  in  JE.  Of  course,  this  cut  down  the  area  available  for 
flow,  leaving  only  so  much  as  corresponded  to  the  voids,  which 
depend  on  the  size  of  the  grains,  being  less  for  small  and  more 
for  large  grains.     This  worked  perfectly  and  called  into  play 
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the  secondary  influence  of  acceleration  of  rate  of  combustion  as 
soon  as  the  material  became  hot,  as  it  did  almost  immediately 
by  the  combustion  proceeding  between  the  particles. 

By  the  automatic  adjustment  of  flow-velocity  and  rate  of 
propagation  the  combustion-surface  instantly  localizes  between 
the  granules  and  heats  them  rapidly  to  incandescence,  and  then, 
as  the  rate  of  combustion  is  increased  by  this  high  temperature, 
the  equalization-zone  moves  back  a  little,  just  as  it  would  with 
A  flow-velocity  reduction ;  but  it  soon  reaches  a  steady  state.  In- 
<^rease  of  flow-velocity  will  cause  the  combustion-zone  to  move 
away  enough  to  conform  to  equalization,  as  before ;  and  a  great 
range  of  feed-rates  is  possible,  if  the  angle  of  the  wedge  be 
large  enough,  without  driving  the  combustion  beyond  imposed 
limits.  An  angle  of  ISO*"  is  illustrated  in  jPand  360°  in  <?. 
In  all  these  cases,  it  matters  not  at  all  what  refractory  material 
is  used  to  promote  the  lateral  spreading  of  the  mixture-stream, 
reducing  flow-velocity  and,  by  heating,  accelerating  the  rate  of 
propagation,  to  bring  about  equalization  of  velocities.  Nor 
does  it  matter  just  how  the  material  is  formed,  whether  as 
oose  or  bonded  granules,  or  holes  in  plates,  or  a  series  of  baf- 
fles, or  porous  baked  plastic  matter.  In  my  early  work  broken 
fire-brick  was  always  used  because  of  its  availability;  and, 
shortly  after  igniting,  the  granules  always  stuck  together, 
forming  a  porous  lump  or  plate  or  diaphragm,  depending  on 
the  conditions  ot  forming ;  but  the  combustion  of  the  mixture 
was  exactly  the  same  in  this  bonded  mass  as  in  the  loose 
granules,  except,  of  course,  when,  as  occasionally  happened, 
the  whole  mass  really  fused  and  flowed — an  action  which  led 
to  the  subsequent  use  of  more  highly  refractory  material. 

In  the  last  form  shown,  Fig.  9,  6r,  where  the  nozzle  projects 
into  the  jetrspreader,  the  zone  of  combustion  returns  on  the 
nozzle  and  will  heat  it  above  the  temperature  of  ignition,  caus- 
ing the  mixture  to  ignite  inside,  unless  the  walls  be  thick  and 
good  insulators.  To  prevent  any  such  igniting  of  the  mixture 
in  feed-nozzles,  it  is  generally  best  to  use  flows  of  the  type  JP, 
which,  of  course,  may  be  multiplied  without  end  to  enable  any 
desired  area  of  fire-bed  to  be  developed.  A  variety  of  forms  of 
such  multiple  feeds  are  shown  in  Fig.  10,  all  of  which  work  pre- 
cisely alike  in  principle.  The  first  construction,  -4,  has  several 
feed-orifices,  each  supplied  by  a  branch  from  a  header-pipe,  the 
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Fig.  10. — ^Vabious  Fobms  op  Porous  Beds  for  the  Combustion  of 
ExFLOsrvE  Mixtures  Flowing  Through. 
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velocity  at  the  exit  of  each  into  the  bed  being  greater  than  the 
rate  of  propagation,  and  reducing,  ae  it  flows  through  the  bed, 
by  more  or  less  spherical  spreading.  When  the  diameters  of 
these  combustion-spheres  become  greater  than  the  distance 
between  orifices,  they  join  and  produce  a  continuous  wavy  sur- 
face of  combustion  above,  completely  protecting  the  feed-orifices. 
Exactly  the  same  result  is  attained  by  the  holes  in  the  partition 
shown  in  J5,  all  fed  from  a  common  feed-chamber,  and  likewise 
in  C,  where  the  number  of  nozzles  is  multiplied  considerably, 
reducing  the  size  of  the  waves  in  the  surface  of  combustion 
where  the  separate  hemispheres  join.  In  this  latter  case,  (7,  the 
combustion-surface  will  locate  closer  to  the  orifice-plate  and  tend 
to  heat  it  more  than  in  case  B — ^half  the  distance  between  cen- 
ters of  orifices  approximately  fixing  the  maximum  height  of 
combustion-surface.  This  makes  it  necessary,  in  using  closely- 
spaced  orifices,  to  form  them  in  a  refractory  plate  of  suflBLcient 
thickness  to  prevent  the  supply  side  getting  warmed  to  the 
ignition-temperature  by  conduction. 

One  convenient  way  of  doing  this  is  to  form  the  feed-ori- 
fices by  using  a  layer  of  fine  granulated  material  under  the 
coarse,  as  in  D  and  E.  This  layer  of  fine  material,  if  loose, 
is  supported  on  a  grating  or  perforated  plate,  through  which 
the  resistance  is  less  than  through  the  fine  bed,  so  that  the 
velocity  will  be  high  enough  on  exit  from  the  fine  bed ;  but  if 
bonded  or  formed  as  a  porous  brick,  the  layer  is  self-support- 
ing. The  high  exit-velocity  from  the  fine  or  small-orifice  bed 
prevents  back-fiash,  and  the  reduction  of  velocity  in  passing  into 
the  upper  area  prevents  blow-off.  Four  combinations  of  fine 
and  coarse  beds  are  shown :  loose  above  bonded ;  loose  above 
loose;  bonded  above  loose ;  and  bonded  above  bonded;  it  being 
understood,  of  course,  that  by  bonded  is  meant  any  porous  baked 
plastic  matter,  cemented  granules,  or  just  holes  drilled  or  formed 
in  plates,  or  a  succession  of  baflBies.  When  the  lower  or  fine 
bed  or  its  equivalent  series  of  feed-holes  is  kept  cool  enough, 
and  the  holes  small  enough,  it  may  act  like  an  interrupting 
partition  to  resist  back-flash,  but  it  is  impracticable  to  depend 
on  this ;  the  only  really  reliable  dependence  is  sufliciently  high 
flow-velocity  through  the  orifices.  It  is  interesting  to  note  that 
the  explosive  combustion  may  be  carried  out  for  a  small  range  by 
completely  removing  the  top  layer  of  D  and  J&,  which  is  exactly 
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•equivalent  to  removing  the  bed  from  the  feed-orifices  of  Aj  By 
and  C,  if  the  exit- velocity  be  just  equal  to  rate  of  propagation 
or  only  slightly  greater.  In  this  case  the  action  becomes  the 
same  as  in  Fig.  9,  A. 

It  is  believed  that  these  principles,  all  of  which  were  an- 
nounced some  years  ago  by  me  in  papers  before  the  American 
Society  of  Mechanical  Engineers,  are  a  clearer  explanation  of 
the  working  of  Bone's  apparatus  than  the  speaker  has  offered, 
and  considerably  older. 
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[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


Electric  Hoist  at  Hecla  Mine,  Burke,  Idaho. 

BY  E.  M.  MURPHY,  BURKE,  IDAHO. 

(Presented  by  invitation  at  a  meeting  of  the  Spokane  Local  Section  of  the  Insti. 

tute,  Feb.  17,  1912.) 

Eight  years  ago  the  Hecla  mine,  a  lead-silver  producer,  situ. 
Eited  at  Burke,  Idaho,  was  producing  ore  from  but  two  levels, 
the  300-  and  the  600-ft.  All  hoisting  was  done  with  a  12-  by 
16-in.  slide-valve,  double-reel,  hoist.  The  hoist  was  being 
svorked  to  its  capacity  and  was  unsuitable  for  hoisting  from 
greater  depths.  As  the  work  of  opening  a  new  level  was  about 
to  be  started,  it  became  necessary  to  remodel  the  then-existing 
squipment  or  install  a  new  hoist.  The  recent  advent  of  elec- 
tricity from  Spokane  had  made  available  a  cheaper  power  than 
jteam.  By  a  series  of  tests  conducted  throughout  the  Coeur 
J'AJfene  district,  it  was  found  that  it  cost  $109  per  year  to 
generate  a  horse-power  with  steam.  Electric  power  was  to  be 
tiad  for  f  50  a  horse-power  per  year.  It  was  decided  to  sub- 
jtitute  for  the  engines  a  motor-drive,  of  sufficient  capacity  to 
operate  from  the  900-ft.  level,  and  ultimately  install  an  en- 
irely  new  hoist.  After  disconnecting  the  engines,  installing  a 
lew  shaft,  and  making  a  few  minor  changes,  a  300-h-p.,  2,300- 
Tolt,  514-rev.  per  min.,  variable-speed  motor  of  the  induction 
:ype  was  geared  to  the  reel-shaft.  The  reels  were  supplied 
vith  f-  by  4-in.  flat  rope,  and  the  duty  of  the  hoist  was  about 
is  follows  : 

Cage,  1,700;  ore,  2,600;  car,  1,400;  rope,  2,250;  total,  7,950 
30unds. 

The  Bristol  ammeter  chart,  Fig.  1,  shows  the  combined  cur- 
rent-consumption of  the  hoist-  and  mine-motors.  The  large 
ntermittent  load  is  clearly  shown;  this  produced  harmful 
iuctuations  in  the  voltage  of  the  long,  lightly-loaded,  60,000- 
7olt  transmission-line  from  Spokane  to  the  Coeur  d'Alfenes. 
rhe  power  company  received  no  compensation  for  the  increased 
308t  of  producing  power  for  this  intermittent  or  fluctuating 
load.     In  order  to  protect  its  system  from  similar  excessive 
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fluctuations  of  voltage  in  the  future,  the  power  company  estab- 
lished a  limit  to  the  capacity  of  motors  which  it  would  permit 
to  operate  intermittently  on  its  lines. 

When  planning  for  its  new  hoist,  it  was  therefore  necessary 
for  the  Hecla  Co.  to  adopt  an  installation  which  would  store 
energy  during  the  periods  when  the  demand  for  power  is  small, 
and  return  it  during  peak-loads.     To  meet  this  condition,  it 


Fig.  1.— Current-Cubve  Showing  Large  Peaks  Produced  by  300-h-p. 
Induction-Motor  Operating  Old  Geared  Hoist. 

was  decided  to  install  an  electric  hoist  of  the  Ilgner  type,  with 
the  Ward  Leonard  control. 

The  new  hoist  was  installed  during  the  spring  of  1908,  and 
began  actual  operations  June  1  of  that  year.  The  equipment 
of  the  motor-generator  set  is  as  follows :  The  set  is  self-con- 
tained, having  a  cast-iron  sub-base,  four  bearings  and  shaft ; 
the  driving-element  consists  of  a  460-h-p.,  three-phase,  60-cycle, 
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v^ound  secondary  motor,  designed  to  operate  between  2,000 
ind  2,300  volts. 

The  generator  is  a  450-kw.,  525-volt  machine,  with  commu- 
ation-poles  to  permit  of  its  handling  full-load  current  at  any 
''oltage  between  zero  and  maximum.  Mounted  on  the  shaft  is 
i  fly-wheel,  7  ft.  9  in.  in  diameter,  weighing  29,000  lb.  This 
ly-wheel  consists  of  a  cast-steel  spider,  upon  which  is  assem- 
)led  a  laminated  steel  rim.  Upon  the  end  of  the  shaft  is 
nounted  a  25.kw.,  125-volt  exciter,  the  armature  of  which  is 
)n  the  shaft  of  the  set.  The  total  fly-wheel  effect  of  the  set  is 
520,000  lb.  at  1  ft.  radius  at  720  rev.  per  minute. 

The  hoist-motor  is  rated  at  875  h-p.,  500  volts,  60  rev.  per 
nin.,  and  weighs  61  tons.  It  is  supplied  with  two  bearings 
ind  is  coupled  to  the  reel-shaft  through  a  forged  flanged  coup- 
ing.  The  reels  are  5  ft.,  smallest,  and  12  ft.  8  in.,  outside 
liameter.  Each  reel  is  fitted  with  a  Lane  clutch  and  a  post 
)rake.  At  present  each  reel  carries  1,600  ft.  of  f-  by  4.5-in. 
lat  rope,  this  being  sufficient  to  operate  from  the  1,200-ft.  level. 
Phe  center  of  the  reels  is  placed  93  ft.  10  in.  from  the  center  of 
he  shaft.  Lack  of  available  space,  preventing  the  placing  of 
he  hoist  further  away,  led  to  the  adoption  of  flat  rope.  The 
heave-wheels  are  8  ft.  in  diameter,  and  the  centers  are  102  ft- 
rom  the  collar  of  the  shaft.  The  dump  is  55  ft.  6  in.  from  the 
jollar,  and  the  skip-pockets  are  25  ft.  below  the  station  at  the  600- 
md  900.ft.  levels,  and  30  ft.  below  at  the  l,200.ft.  level.  The 
ikips  are  of  50  cu.  ft.  capacity,  weigh  3,500  lb.,  and  carry 
5.6  tons  of  ore  per  trip.  Double-deck  cages  hang  beneath  the 
ikips  at  all  times;  each  cage  weighs  2,400  lb.  The  motor- 
jenerator  set,  the  slip-regulator,  and  switch-board,  are  situated 
n  a  room  adjacent  to  the  hoist-room.  On  the  switch-board  are 
)laced  the  following  instruments  and  equipment:  one  poly- 
)ha8e  indicating  wattmeter;  one  polyphase  integrating  watt- 
neter;  one  A.  C.  voltmeter;  one  A.  C.  ammeter;  one  double-read- 
ng  D.  C.  voltmeter ;  one  D.  C.  ammeter  in  the  motor  field ;  one 
0.  C.  voltmeter  on  the  exciter  circuit;  one  graphic  recording 
[).  C.  wattmeter;  one  Tirril  regulator  for  exciter  voltage;  one 
l)PST  switch  in  the  armature  circuit  of  the  exciter ;  one  auto- 
natic,  hand-operated,  three-phase,  2,800-volt,  oil  circuit-breaker ; 
me  generator-field  switch ;  one  exciter-field  rheostat ;  one  gen- 
jrator-field  rheostat;  one  motor-field  rheostat;  one  switch  in 
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the  magnet  circuit  of  the  slip-regulator  switches;  two  line- 
relays  for  the  slip-regulator;  one  compensator  for  line-relays; 
current  and  potential  transformers  for  the  various  instruments. 

Principle  of  Operation. 

In  order  that  the  fly-wheel  should  give  up  part  of  its  energy 
during  the  peaks,  it  is  necessary  to  have  some  method  of  slow- 
ing down  the  set  as  the  load  comes  on.  This  is  accomplished 
by  what  is  known  as  the  slip-regulator.  This  device  consists 
of  a  sectionalized  resistance,  comprising  13  sections,  connected 
to  the  secondary  of  the  induction-motor.  Each  section  can  be 
short-circuited  by  means  of  an  oil-switch  operated  by  com- 
pressed air.  The  air-valves  are  controlled  by  A.  C.  magnets 
wound  for  50  volts,  the  magnets  being  supplied  with  power 
from  a  2,300-  to  50-volt  transformer  connected  between  the 
motor  and  its  circuit-breaker.  The  magnet  circuit  compris-es 
three  circuits,  viz.,  accelerating,  drop-out,  and  hold-in ;  each  of 
the  first  two  has  a  switch  in  series,  which  is  opened  and  closed 
by  its  respective  relay.  The  relays  receive  power  from  a  com- 
pensator which  is  excited  from  two  current-transformers  in  the 
A.  C.  motor  circuit.  The  relay  switches  can  be  set  to  operate 
at  any  desired  value,  within  certain  limits,  by  means  of  a  dial- 
switch  on  the  compensator,  the  one  on  the  accelerating  circuit 
being  set  to  operate  on  a  lower  current  than  the  one  in  the 
drop-out  circuit. 

With  the  A.  C.  circuit-breaker  open,  all  the  short-circuiting 
oil-switches  are  out,  and  the  total  resistance  is  in  the  secondary. 
To  start  the  set,  all  that  is  necessary  is  to  close  the  circuit- 
breaker  ;  the  starting  current,  being  above  that  for  which  the 
relays  are  set,  operates  them,  thus  opening  the  accelerating  and 
drop-out  circuits.  All  the  oil-switches,  of  course,  remain  open. 
As  the  set  speeds  up,  the  current  diminishes  and  the  relays 
close,  causing  an  oil-switch  to  be  pulled  in.  This  short-circuits 
a  section  of  resistance,  the  current  increases,  and  the  acceler- 
ating relay  opens.  As  long  as  it  remains  open,  the  oil-switches 
remain  out,  with  the  exception^of  course,  of  the  one  just  closed, 
and  this  one  remains  closed,  due  to  the  action  of  the  hold-in 
circuit  When  the  accelerating  relay  closes  again,  due  to  the 
fall  in  current,  another  oil-switch  is  closed.  The  opening  and 
closing  of  the  accelerating  circuit,  due  to  the  increase  and  de- 
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crease  of  current,  with  its  attendant  closing  of  oil-switches,  goes 
on  until  all  the  oil-switches  are  closed,  and  all  of  the  resistance 
is  cut  out  of  the  secondary.  In  hoisting,  the  reverse  of  the 
above  goes  on.  As  the  load  comes  on,  the  relays  open,  and  the 
last  oil-switch  to  come  in  is  the  first  to  go  out.  This  introduces 
resistance  into  the  secondary,  and  the  motor  slows  down,  letting 
the  fly-wheel  take  some  of  the  load.  Should  the  current  rise 
again  above  the  set  value,  another  switch  is  dropped  out ;  this 
operation  can  continue  until  nine  switches  drop  out;  four  of  the 
13  are  not  connected  to  the  drop-out  circuit,  and  are  used  in 
starting  only. 

The  hoist-motor  is  shunt-wound  and  is  separately  excited 
from  the  exciter.  The  current  in  the  field  can  be  adjusted  by 
means  of  the  rheostat  in  its  circuit;  when  the  proper  adjust- 
ment is  obtained,  it  is  not  necessary  to  change  the  setting. 
The  motor  is  now  operated  with  a  field  current  of  90  amperes. 

The  Tirril  regulator  is  seldom  used  to  keep  the  exciter  volt- 
age constant,  as  the  drop  in  voltage  during  balanced  hoisting 
is  found  not  to  be  objectionable.  In  unbalanced  hoisting  its 
use  is  essential,  but  the  wear  on  the  contacts  is  severe. 

The  control  of  the  hoist^motor  is  effected  through  the  field 
of  the  generator.  The  generator's  armature  is  connected  direct 
to  that  of  the  motor ;  any  change  or  reversal  in  the  generator 
sroltage  is  accompanied  by  a  similar  change  or  reversal  in  that 
of  the  motor.  The  control  resistance  is  situated  under  the  hoist- 
man's  platform,  and  has  a  large  number  of  points  divided  into 
Four  sections,  connected  up  after  the  manner  of  the  well-known 
Wheatstone  bridge.  In  the  off  position  of  the  controller  a 
perfect  balance  exists,  and  no  current  fiows  in  the  field  of  the 
generator ;  the  movement  of  the  controller  disturbs  the  balance, 
md  this  diverts  voltage  from  the  resistance  circuit  to  the  gen- 
erator field.  The  controller  is  operated  with  a  lever  and  quad- 
rant similar  to  those  on  the  brakes  and  clutches;  moving  the 
lever  away  from  the  operator  starts  the  reels  turning  away  from 
him,  while  a  movement  of  the  lever  towards  him  starts  the  reels 
in  that  direction.  In  the  generator-field  circuit,  and  located 
back  of  the  switchboard,  is  a  rheostat  for  adjustment  purposes; 
when  once  set,  this  needs  no  further  attention.  Mounted  in 
front  of  the  operator  is  a  double-reading  D.  C.  ammeter,  which 
enables  him  to  see  the  load  on  the  hoist-motor  at  all  times. 
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A  diagram  of  connections  as  the  equipment  was  originally 
installed  is  shown  in  Fig.  2,  which  does  not,  however,  show  the 
Tirril  regulator  and  the  D.  C.  graphic  recording  wattmeter. 
The  exciter-field  switch  also  is  not  shown,  since  it  was  installed 
after  the  hoist  was  in  operation. 

As  originally  equipped,  the  hoist  had  several  devices,  since 
discarded,  which  were  intended  to  add  to  the  safety  of  its 
operation  and  prevent  abuse  of  the  equipment  by  carelessness. 
A  careless  operator  should  not  be  tolerated  on  a  hoist.  The 
best  safety-appliance  on  any  machine  is  a  careful  manipulator. 
In  connection  with  the  controller  was  an  automatic  slow-down, 
designed  to  slow  the  hoist  down  as  it  approached  the  dump. 
Geared  to  the  reels  were  two  limit-switches,  which  controlled 
the  opening  and  closing  of  a  contactor.  This  contactor  nor- 
mally short-circuited  a  resistance  in  series  with  the  generator 
field;  within  a  certain  predetermined  distance  of  the  dump, 
this  contactor  opened  and  the  resistance  was  introduced  into 
the  generator  field.  The  cutting  in  and  out  of  this  resistance 
was  accomplished  so  suddenly  that  the  commutation  of  the 
generator  was  affected.  In  addition,  the  failure  of  the  appa- 
ratus to  work  at  any  time  might  have  caused  a  serious  acci- 
dent, and  it  was  deemed  advisable  to  discard  it. 

A  circuit-breaker  was  installed  in  the  armature  circuit  of  the 
exciter.  Connected  to  this  breaker,  so  as  to  open  it,  was  an  over- 
speed  device  on  the  motor-generator  6et,  it  being  assumed  that 
during  unbalanced  lowering  excessive  speed  might  be  obtained, 
due  to  the  pump-back  action.  In  practice,  this  high  speed  is 
not  developed.  An  over-load  trip  and  an  under-load  trip,  in 
the  motor-field  circuit,  could  also  open  the  breaker.  There  are 
times  when  the  failure  of  the  D.  C.  power  might  prove  disas- 
trous and  be  attended  with  fatalities.  It  is  essential  to  prevent 
any  accidental  opening  of  the  circuit  by  using  nothing  but 
manually-operated  switches.  The  breaker  was  removed  and  a 
switch  installed.  The  over-speed  device  was  connected  so  as 
to  light  a  lamp,  in  front  of  the  hoistman,  in  case  the  set  speeded 
up.  Should  the  occasion  arise  to  cut  the  D.  C.  voltage  off"  sud- 
denly, it  can  be  done  by  opening  an  exciter-field  switch,  in- 
stalled in  front  and  within  easy  reach  of  the  hoistman.  In 
Fig.  2,  X,  F,  and  Z  are  the  parts  removed. 

The  hoist  is  also  equipped  with  an  air-operated  device  for 
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throwing  out  the  clutches  and  applying  the  brakes  in  case  of 
an  over-wind.  Owing  to  the  lack  of  sufficient  head-room,  thb 
apparatus  cannot  be  used.  As  a  substitute,  converging  or 
"  tight  *'  guides  are  used,  in  addition  to  which  are  spring  hooks, 
which  engage  the  crosshead  and  prevent  the  falling  of  the  skip, 
should  the  cable  break  after  the  skip  reaches  the  sheaves. 

Cost  of  Operation. 

Before  entering  into  the  cost  of  operation  of  the  hoist,  an  ex- 
planation of  the  present  contract,  signed  in  1908,  will  serve  to 
show  on  what  basis  a  settlement  is  made  for  power  consumed 
by  it.  The  contract  runs  for  a  period  of  five  years  and  is  based 
on  a  maximum  demand  as  well  as  a  kw-hr.  consumption.  It 
will  be  noted  that  it  penalizes  a  better  combined  power-  and 
load-factor  than  61  per  cent.  A  power-factor  of  100  per  cent, 
and  a  constant  voltage  of  2,300  volts  is  assumed  in  all  the  cal- 
culations of  maximum  demand.  In  a  contract  calling  for  a 
maximum  demand  of  100  kw.,  a  minimum  sum  of  $335  (f  3.35 
per  kw.)  is  paid  each  month ;  this  sum  entitles  the  consumer 
to  43,550  kw-hr.  (130  for  each  dollar).  At  the  same  time,  the 
maximum  of  100  kw.  must  not  be  exceeded  at  any  time  during 
the  month.  In  case  more  than  100  kw.  is  the  maximum,  the 
minimum  bill  is  increased  by  f3.35  for  each  kw.  in  excess. 
For  each  dollar  of  this  increase,  the  consumer  is  entitled  to  use 
130  kw-hr.  If  the  kw-hr.  used  exceed  43,550,  the  excess  is 
paid  for  at  the  rate  of  $0.0112  per  kw-hr.  On  the  basis  of 
43,550  kw-hr.  per  month  at  J335  each  kw-hr.  costs  f  0.00769. 
This  amounts  to  f50  per  h-p.  per  year.  The  peak  on  the 
hoist  never  lasts  5  min.,  so  the  power  never  costs  more  than 
f  50  per  horse-power. 

As  the  Hecla  has  but  one  hoist,  the  handling  of  all  timbers, 
waste,  etc.,  as  well  as  the  shifts,  must  be  performed  by  it,  in 
addition  to  the  ore-hoisting.  To  give  an  idea  of  the  work  the 
hoist  does,  the  following  table  was  compiled  for  the  period  of 
time  from  Aug.  1,  1911,  to  Jan.  1,  1912 : 


Ore  Hoisted. 

COO-Ft.  Level. 

900-Ft.  Level 

1,20(>-Ft.  Level. 

Skips,     .        .        . 

.     2,241.0 

9,968.0 

9,961.0 

Tons,      . 

.     5,840.0 

26,824.0 

26,028.0 

Monthly  Average. 

Skipg,      .         .         . 

448.2 

1,993.6 

1,992.2 

Tons,     . 

.     1,168.0 

5,164.8 

6,202.6 
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Cars  of  Waste  Handled. 

1,200  to  600.  Top  to  600.  Top  to  800. 

Cars,      ....     3,946.0  7,416.0  826.0 

Average,  .       789.2  1,483.2  165.2 

Timbers 
Stalls.  Wedges.  Lagging  and  Chute. 

321,677  ft.  RM.  79  can  475,140  ft  B.M. 

Averages,        64,335.4  15.8  95,028.0 

Power  GoDsumed:  234,760  kw-hr.,  average  equals  46,952  k«r-hr.,  equals  $361 
per  month.    Total  cost  for  power  for  each  ton  of  output  equals  $0.0313. 

In  order  to  determine  the  co8t  per  ton  for  power  used  during 
actual  hoisting,  a  series  of  tests  was  taken,  with  the  following 
•results:  From  the  1,200-ft.  level  82  skips  (88  tons)  were  hoisted 
in  83  min.,  with  a  kw-hr.  consumption  of  142.  On  the  basis 
of  $0.00769  per  kw-hr.,  the  cost  of  hoisting  the  88  tons  was 
$1,092,  or  $0.0181  per  ton.  From  the  900-ft.  level  14  skips 
(36.4  tons)  wefe  hoisted  in  11  min.,  with  a  kw-hr.  consumption 
of  50,  and  a  cost  of  $0.3854,  or  $0.0105  per  ton.  From  the 
600-ft.  level  14  skips  (86.4  tons)  were  hoisted  in  10  min.,  with 
a  kw-hr.  consumption  of  40,  and  a  cost  of  $0.8076,  or  $0.00845 
per  ton.  ^ 

To  run  the  set  light  for  1  hr.  requires  48  kw-hr.,  at  a  cost  of 
$0,868.  In  service  the  set  runs  continuously  during  the  24  hr., 
with  the  exception  of  a  period  of  about  4  hr.  after  midnight. 
After  the  power  is  cut  off,  the  set  will  run  for  1.25  hr.,  unless 
it  is  slowed  down  by  hoisting,  or  the  band-brake  on  the  fly- 
wheel is  applied.  The  hoist  was  guaranteed  to  maintain  one- 
quarter  outputof  the  mine  working  unbalanced  from  the  2,400- 
ft.  level  (its  ultimate  depth).  In  order  to  test  this  feature,  a 
load  of  1,778  lb.  was  added  to  compensate  for  the  extra  weight 
of  cable  to  2,400  ft.  This  weight  was  obtained  by  placing  a 
car  with  the  required  amount  of  ore  in  it  on  a  cage-deck.  The 
car  was  allowed  to  remain  on  the  cage  during  the  entire  time 
of  hoisting.  Unbalanced  hoisting  was  maintained  at  the  rate 
of  11  trips  an  hr.  from  900  ft.  for  8  hr.  All  temperatures  at 
the  end  of  this  time  were  well  within  the  guarantees.  Figs.  8 
and  4  show  S-sec.  readings  for  one  complete  trip  during  this 
test.  In  May,  1911,  one  of  the  clutch-arms  broke,  and  the 
hoist  operated  unbalanced  with  entire  satisfaction  for  a  period 
of  20  hr.,  part  of  the  hoisting  being  from  the  1,200-ft.  level. 

[9] 
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Figs.  5,  6,  and  7  ehow  S-sec.  readings  for  unbalanced  hoist- 
\g  from  1,200  and  900  ft.  with  ordinary  load  of  5,200  lb.  of 
re.  Figs.  8,  9,  10,  and  11  show  5-sec.  readings  of  balanced 
oisting  from  1,200  ft.  and  900  ft.  with  two  different  switch- 
^ttings.  The  effect  of  the  different  settings  is  clearly  shown 
L  the  A.  C.  kw.  input.  It  would  seem  from  this  that  it  would 
B  desirable  to  keep  the  setting  that  would  give  the  minimum 
iputatall  times.   The  objection  to  doing  this  is  that  the  lower 


G.  5. — Five-Second  Readings  for  Unbalanced  Hoisting  from  1,200 
Level  Under  Normal  Conditions.  Resistance-Switches  Operate  at 
310  KW.     All  Resistance  in  at  End  of  Trip. 


le  setting,  the  greater  the  number  of  switches  that  drop  out, 
id  the  slower  the  speed  of  the  set  becomes.  When  all  nine 
vitches  drop  out,  it  takes  55  sec.  for  them  to  come  in  again 
id  for  the  set  to  accelerate  to  full  speed.  It  takes  from  6  to 
sec.  to  load  and  dump  a  skip,  and  if  the  speed  in  hoisting  is 
3t  to  be  sacrificed,  the  switch-setting  should  be  such  that  the 
amber  that  drop  out  can  come  in  again  in  the  time  it  takes  to 
►ad  and  dump.     In  practice  this  is  found  to  be  about  three. 
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The  setting,  of  course,  has  to  be  made  for  the  lowest  level 
hoisted  from,  or  else  the  setting  be  changed  for  different  levels. 
The  upkeep  of  the  equipment  for  the  three  years  and  eight 
months  it  has  been  in  service  has  been  extremely  low.  The 
hoist-motor  has  needed  no  repairs,  while  the  exciter  has  had 
but  one  new  set  of  brushes.  The  generator  requires  about  one 
new  set  of  brushes  a  year.     The  A.  C.  motor  has  been  the  only 


10     15     80     25     80 
SECONDS 

Fio.  6. — ^Five-Sbcond  Beadinos  fob  Unbalakced  Hoistino  from  900  Level 
Under  Normal  Conditions.  Besistance-S witches  Operate  at  310  kw. 
All  Besistance  in  at  End  of  Trip. 


source  of  expense,  and  like  trouble  could  occur  to  any  motor. 
Three  times  it  has  suffered  a  grounded  coil  during  a  lightning 
storm.  The  winding  is  a  three-bank  concentric  winding,  and 
replacement  of  coils  is  a  tedious  affair.  A  new  set  of  collector- 
rings  was  also  put  on  this  machine  last  December. 

One  noticeable  feature  of  this  installation  is  its  noiseless 
operation  and  the  facility  of  its  control.  The  motor  can  be 
reversed  in  an  incredibly  short  space  of  time,  and  during  load- 

[12] 
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Dg  and  dumping  the  brakes  are  seldom  applied.  The  wear  of 
he  brake-blocks  is  inappreciable,  and  the  original  set  will  no 
ioubt  last  the  life  of  the  mine.  The  effect  of  the  smoothness 
f  operation  is  particularly  noticeable  on  a  cable,  a  service  of 
pom  10  to  14  months  being  obtained  from  each  serving,  while 
he  strands  will  last  for  years. 
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Fig.  7. — Ftve-Secomd  Readings  fob  Unbalanced  Lowebino  to  1,200 
Level  Undeb  Nobmal  Conditions. 


The  control  is  so  accurate  that  no  chairs  are  needed  in  the 
jhaft  to  run  on  and  off  the  waste-cars. 

Should  the  brake  be  removed  when  the  skip  is  empty,  the 
jpeed  with  which  it  will  descend  unbalanced  is  remarkably 
low.  This  feature  is  clearly  shown  in  Fig.  12,  which  is  a  set 
rf  readings  taken  at  1-min.  intervals  for  a  trip  from  the  top  to 
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Fio.  8. — Five-Second  Beadinos  Taken  Dorino  Balanced  Hoisting 
Trip  from  1,200  Level.  Resisttance-Switches  Set  to  Operate 
AT  310  Kw.    One-third  Resistance  in  at  End  of  Trip. 


10     15     ^     25     80 
SECONDS 


iO     45     50    55 


Fig.  9.— Five-Second  Readings  Taken  During  Balanced  Hoisting 
FROM  1,200  Level.  Resistance-Switches  Set  to  Operate  at 
210  KW.     Two-thirds  Resistance  in  at  End  of  Trip.      30q1c 
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BOO  ft.  No  matter  how  slow  the  speed  is,  the  pump-back  action 
is  taking  place,  and  during  the  trips  that  waste  and  timber  are 
being  lowered  into  the  mine,  power  is  actually  restored  to  the 
line. 

The   hoist  requires  but  one  man  per  shift  to  operate  it. 
A^nother  advantage  of  the  hoist  is  its  ability  to  operate  for  a 


II 


Fig.  10. — Five-Second  Beadinos  Taken  During  Balanced  Hoisting 
Trip  from  900  Level.  Resistance-Switches  Set  to  Operate 
AT  310  Kw.    One-third  Besistance  in  at  End  op  Trip. 

short  time,  even  though  the  power  be  accidentally  interrupted. 
The  running-lights  in  the  hoist-room  are  all  lighted  from  the 
exciter,  which  enables  the  operator  to  see  as  long  as  hoisting 
can  be  continued.  Figs.  13  and  14  show  S-sec.  readings  for 
trips  from  the  900-  and  1,200-ft.  levels  with  a  skip  of  ore  after 
the  A.  C.  power  is  cut  oflT.   During  these  tests,  the  speed  of  the 
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set  became  so  low  that  the  Tirril  regulator  short-circuited  all 
the  exciter-field  rheostats,  and  its  magnets  failed  to  work. 
Without  ore,  as  in  handling  men,  the  hoist  is  capable  of  mak- 
ing several  trips  after  the  A.  C.  power  is  off. 

This  installation  has  the  disadvantage  of  consuming  power, 


Fio.  11. — Five-Second  Readings  Taken  Dubing  Balanced  Hoisting 
FBOM  900  Level.  Resistance-Switches  Set  to  Opebate  at 
210  KW.    Two-thirds  Resistance    in  at  End  of  Trip. 


even  though  the  hoist-motor  is  not  in  actual  operation.  This 
is  more  apparent  than  it  would  be  if  the  hoist  were  operat 
ing  from  greater  depths,  or  handling  greater  tonnage.  The 
effect  greater  depth  has  on  the  efficiency  is  shown  from  the 
tests.      From  the  600-ft.  level,  the  cost  per  1,000  ft.-tons  is 
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Fig.  12.— One-Minute  Readings  Taken  fob  Unbalanced  Tbip  from 
Top  to  300  Level.  This  Trip  was  Started  and  Stopped  with 
THE  Brak>:,  the  Controller  Remaining  in  the  Off  Position. 


f 


Fig.  13. — Five-Second  Readings  Taken  During  Balanced  Hoisting 
FROM  900  Level  without  A.  C.  Power,  the  A.  C.  Circuit- 
Breaker  being  Opened  at  the  Beginning  of  the  Trip. 
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J0.014,  from  900  ft.  it  is  $0.0116,  and  from  1,200  ft.  it  is 
$0.0109.  The  effect  greater  tonnage  would  have  on  the  cost 
per  ton  of  output  is  shown  by  the  following :  Assuming  that  the 
mine  double  its  output,  the  kw-hr.  consumption  per  month 
would  be  increased  by  17,231,  at  a  cost  of  $132.50.     The  total 


Fig.  14. — Five-Second  Readings  Taken  During  Balanced  Hoisting 
FBOM  1,200  Level,  without  A.  C.  Power.  The  A.  C.  Circuit- 
Breaker  WAS  Opened  at  the  Beginning  of  the  Trip. 

cost  for  power  for  each  ton  of  output  would  be  lowered  from 
$0.0313  to  $0.0213. 

Each  hoisting  problem  has  its  own  solution,  and  the  Hecla 
Co.  appears  to  have  solved  this  one  in  a  most  satisfactory 
manner. 
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Efficiency-Engineering  Applied  to  Mining. 

BY  GLENVILLE  A.   COLLINS,   SPOKANE,   WASH. 

(Presented  at  a  Meeting  of  the  Spokane  Local  Section  of  the  Institute,  Feh.  17, 
1912,  and  accepted  for  publication  in  the  Bulletin. ) 

While  I  am  not  at  the  present  time  engaged  in  active  mine- 
management,  my  duties  permit  of  extensive  study  And  examina- 
tion of  many  mines,  mills,  and  reduction-works  in  various  places 
throughout  the  United  States. 

Being  much  interested  in  efficiency-work  in  general,  and  an 
ardent  reader  of  writings  on  this  subject  by  Frederick  W. 
Taylor  and  others,  as  applied  to  manufacturing-plants,  and 
having  served  my  apprenticeship  from  mucking  to  the  engi- 
neering design  of  ore-dressing  and  underground  plants,  I  hope 
that  this  paper  will  lead  others  to  investigate  the  field  more 
fully,  to  the  improvement  of  general  mine-  and  mill-operations, 
as  well  as  the  advancement,  intellectually,  physically,  and  finan- 
cially, of  the  employee  and  his  relations  with  the  employer. 

If  a  man  who  is  prepared  to  look  closely  and  observe  broadly 
starts  in  Canada  and  zig-zags  from  camp  to  camp  to  southern 
Mexico,  taking  time  casually  to  inspect  mines,  mills,  and  smelt- 
ers, he  will  be  pitifully  impressed  by  the  great  difference  in 
customs,  and  the  general  waste  of  labor,  time,  and  money 
throughout  the  country.  He  will  so  seldom  observe  a  dollar's 
worth  of  results  given  in  exchange  for  a  dollar  spent  that  he 
will  form  a  poor  opinion  of  operating-effiQ^ency  and  manage- 
ment. This  highly-scientific  department,  requiring  an  amount  t 
of  skill  and  executive  ability  equaled  in  few,  if  any,  of  the  pro- 
fessions, certainly  falls  short  of  the  standard  established  in  our 
greater  manufacturing  industries. 

It  is  easily  said  that  this  is  due  to  the  diversity  of  condi- 
tions in  mining,  milling,  and  smelting.  But  on  second  view  it 
must  be  admitted  that  there  is  room  for  tremendous  improve- 
ments in  nearly  every  mining-organization.  The  proposal  of 
such  improvements  is  often  met  by  the  argument  that  any  mine 
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18  but  a  temporary  aflair,  yielding  such  profits  as  to  make  effi- 
ciency-work of  no  consequence;  but  any  business  which  is 
profitable  and  worth  doing  at  all  is  worth  doing  on  a  basis  which 
gives  the  greatest  return  on  the  investment. 

Management. 

IN'either  an  extremely  dictatorial  nor  a  lax  management  re- 
sults in  efficient  operation  in  any  mine ;  and  harmonious  rela- 
tions between  heads  of  departments  are  impossible  under  either 
of  these  two  conditions.  The  mining  business  is  such  that 
every  one  connected  with  it  is  apt  to  be  under  strain  from  living- 
conditions,  climate,  and  extreme  duties  of  many  characters, 
which  makes  it  all  the  more  necessary  for  the  entire  organizar 
tion  to  be  most  harmonious. 

Any  scheme  securing  harmony  of  operations  and  increase  of 
output  at  less  expense  to  the  owners,  and  still  giving  the  em- 
ployee better  wages  and  living-conditions,  is  a  benefit  to  the 
industry;  and  the  higher  development  of  the  industry  requires 
a  combination  of  intelligence  and  labor,  in  which  low  cost  of 
labor  is  to  be  desired  by  the  employer  and  high  wages  by  the 
workman.  Diversity  of  mining-locations  and  conditions  does 
not  affect  this  truth. 

It  is,  then,  the  purpose  of  this  paper  to  advocate  throughout 
the  industry,  high  wages  for  workmen  and  low  labor-costs  to 
the  employer,  or  what  is  generally  known  to  manufacturers  as 
the  "  Taylor  System.''  I  contend  that  this  system  is  entirely 
feasible  to  the  mining  industry,  through  careful  study  and  record 
of  the  time  required  to  perform  certain  work. 

It  is  often  observed  that  the  manager  is  a  master  in  some 
branch  of  the  business,  and,  as  a  rule,  that  branch  is  very  well 
managed,  while  at  the  same  time  other  departments  under  the 
same  management  are  sorely  neglected. 

I  would  define  good  management  as  the  accomplishment, 
expediently  and  cheaply,  of  exactly  the  result  desired  by  the 
owners.  When  it  is  understood  that  a  first-class  workman  can 
do  from  two  to  four  times  as  much  work  in  a  given  time  as  the 
average  workman,  the  possibility  of  high  wages  for  workmen 
with  low  labor-cost  to  the  employer  is  appreciated. 

It  has  often  been  noticed  that  if  a  workman  is  informed  that 
it  is  possible  for  him,  without  undue  fatigue,  to  produce  fi-om 

Digitized  by  VjOOQ IC 


BFFIGIBNCT-ENGINBBRING   APPLIED   TO    MINING.  997 

two  to  four  times  his  normal  work,  he  is  incredulous,  to  say  the 
least.  Yet  a  really  good  workman,  if  given  an  opportunity  to 
work  at  greater  speed  and  earn  from  20  to  100  per  cent,  more 
money,  is  only  too  glad  to  get  the  chance.  But  the  exact  per- 
centage to  be  gained  under  this  system  by  such  terms  of  pay- 
ment that  a  workman  will  do  his  best,  can  be  determined  only 
from  carefully  kept  records,  taken  by  a  trained  man,  over 
long  periods  of  time.  It  is  not  a  matter  to  be  decided  off-hand, 
either  by  labor-unions  or  by  directors. 

The  usual  first-class  workman  will  prefer  to  remain  at  his 
old  system  of  work  and  wages  rather  than  work  at  maximum 
speed  unless  the  increase  of  pay  is  sufficient  and  permanent. 
For  this  reason  it  is  not  wise  to  make  sudden  or  ill-advised 
changes,  as  the  workmen  then  lose  confidence  in  the  system. 
It  should  never  be  referred  to  as  a  trial  system,  intimating 
the  probability  that  it  might  not  be  a  complete  success.  The 
thing  to  do  is  to  be  absolutely  sure,  then  do  it,  regardless  of 
the  opinions  of  workmen.  As  soon  as  they  begin  to  see  the 
practicability  of  increasing  their  earnings  and  comforts,  their 
opposition  will  cease,  and  they  will  become  highly  enthusi- 
astic and  thrifty. 

As  soon  as  the  workman  begins  to  realize  that  he  is  dealt 
with  as  an  individual,  with  growing  opportunity  consistent  with 
his  energy  and  intellect,  he  leaves  the  ranks  of  organized  shift- 
lessness  and  becomes  an  ambitious  worker.  This  is  also  of  great 
advantage  to  the  employer,  as  a  process  of  elimination  which 
often  develops  extraordinary  talents,  otherwise  locked  up  within 
a  sullen  breast. 

The  majority  of  manual  laborers  naturally  make  their  task 
as  easy  as  possible,  eventually  doing  only  that  which  they  are 
forced  to  do.  K  an  energetic  workman  is  put  with  the  rest 
on  gang-work  at  day-wages,  he  gradually  realizes  that  he  is 
doing  more  work  for  the  same  pay,  and  in  time  slows  down  to 
the  normal  pace  of  the  gang. 

This  may  be  exemplified  by  workmen  tramming  ore-cars. 
I  have  often  seen  them,  on  leaving  the  muck-pile  at  the  face, 
mount  the  truck  and  take  advantage  of  the  usual  down-grade 
and  quick  time  to  the  dump,  and  then,  after  dumping  the  car, 
sit  down  on  the  pile  from  6  to  20  min.  for  a  rest,  in  order  to 
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give  the  muckers  time  to  load  easily  the  next  car,  and  like- 
wise "  rest "  before  the  trammers'  return. 

This  form  of  systematic  "  soldiering  "  is  often  practiced  to  a 
remarkable  degree  undiscovered  by  managers. 

When  each  operation  and  its  required  time  for  performance 
is  absolutely  determined  and  the  workman  put  upon  a  just 
time-basis  of  minimum  wages  for  a  full  shift's-work,  with  a 
bonus  for  extra  work  within  the  shift,  then  soldiering  will 
have  been  effectually  stopped. 

As  a  further  example,  let  us  consider  the  case  of  drill-oper- 
ators at  work  on  ordinary  drifting,  using  a  machine-drill,  but 
not  doing  their  own  mucking.  Under  the  old  system  the  drill- 
operator  draws  (4  per  shift,  and  his  helper  (8.  By  careful 
time-study  on  this  kind  of  work,  it  is  found  that,  under  old 
methods,  a  round  of  about  8  holes  is  drilled  during  the  shifty 
with  an  average  depth  of  4  ft.,  making  a  total  of  32  lin.  ft. 
of  hole  per  shift,  at  a  labor-cost  of  $7,  or  an  average  of  22 
cents  per  foot  of  hole  drilled.  This  work  is  leisurely  performed 
in  the  average  drift  in  about  5  hr.,  after  which  from  1  to  2  hr. 
is  used  to  clean  out,  load  and  fire  the  holes,  and  any  balance 
of  time  left  on  the  shift  is  wasted  under  the  excuse  of  gases 
and  bad  air.  In  fact,  there  are  very  few  managers  who  do  not 
consider  the  above  as  a  very  fair  day's-work,  if  they  think  of  it 
at  all. 

After  careful  time-study  we  find  that  time  is  lost  in  securing 
proper  tools  for  the  job,  their  adjustment,  delays  caused  by 
faulty  conditions  of  equipment,  and  improper  or  no  instructions 
from  the  foreman  as  to  the  work  required,  such  as  the  most 
advantageous  way  of  placing  jdrill-holes.  In  trying  to  make  it 
possible  for  the  workman  to  earn  from  20  to  100  per  cent, 
more  wages  by  using  advanced  methods  to  avoid  loss  of  time, 
we  find  that  it  is  very  easy  for  the  same  men  under  the  same 
conditions  to  put  in  the  32  lin.  ft.  of  drill-holes,  load  and 
blast,  in  the  first  half  of  the  shift,  using  the  time  required  for 
ventilation  in  which  to  eat  their  lunch  and  look  up  any  re- 
pairs or  extras  needed  for  the  second  half  of  the  shift — the 
same  work  to  be  performed  in  the  second  half  as  in  the  first. 

In  the  instance  given,  the  driller  and  his  helper  are  on  a 
basis  of  $7  per  shift  and  are  not  allowed  to  maintain  their 
positions  unless  an  average  of  40  lin.  ft.   of  hole  is  drilled, 
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loaded  and  blasted  per  shift;  but  in  excess  of  this  footage  a 
rate  of  15  cents  per  linear  foot  of  hole  is  paid,  provided  the  ex- 
cess is  sufficient  to  average  the  hole-depths  for  efficient  blasting. 

This  is  equivalent  to  51  per  cent,  increase  in  wages  to  the 
workmen  and  a  reduction  of  24  per  cent,  in  the  labor-cost  to 
the  employer ;  or,  to  be  more  explicit,  when  the  crew  makes 
64  lin.  ft.  of  hole  per  shift  the  driller  receives  $5.80  for  his 
labor  and  the  helper  (4.80,  while  the  employer  pays  (10.60  for 
labor  in  place  of  $14  under  the  old  system. 

It  is  of  course  necessary,  in  order  to  perfect  such  a  system, 
that  the  tools  be  kept  in  good  repair  and  proper  means  be  pro- 
vided to  expedite  mucking,  tramming,  and  other  portions  of 
the  work,  in  accordance  with  the  general  scheme. 

To  facilitate  office-work  in  keeping  records  from  which  to 
compile  pay-rolls  and  other  data,  it  has  been  found  economical 
and  advantageous  to  use  a  card-system  in  which  the  workman 
makes  out  his  own  daily  card.  A  form  of  card  embodying 
this  idea  is  shown  in  Fig.  1.  The  statement  of  the  workman  is 
easily  checked  by  the  foreman,  who  approves  it  before  filing. 
All  cards  can  be  filed  daily  by  dates  without  being  indexed,  I  ]  | 

and  only  handled  once  when  making  up  the  pay-roll  or  other  t  f 

work-reports.  This  file  has  many  other  advantages,  among 
which  are  its  accessibility,  compactness,  and  simplicity.  Again 
it  serves  as  a  "  who's  who  "  index  of  the  best  workmen,  and 
requires  but  one  office-man  for  a  reasonably  large  company,  cov- 
ering mining  as  well  as  milling  in  all  phases. 

When  required,  the  data  on  the  workmen's  cards  can  be 
plotted  graphically  so  as  to  show,  by  inspection,  operating-costs 
and  results,  without  studying  in  detail  each  card.  This  is  of 
great  advantage  in  making  annual  reports  to  directors  and 
stockholders,  who  usually  dislike  to  study  pages  of  detailed 
data,  and  prefer  to  inspect  graphic  charts  which  show  at  a 
glance  the  aggregates,  and  upon  more  careful  examination  the 
details,  all  given  in  a  few  sheets,  instead  of  many  pages  of  a 
lengthy  and  often  poorly-written  report. 

It  must  be  remembered  that  the  average  workman  does  not 
look  far  into  the  future,  but  demands  immediate  results  for  his 
labor.  It  is,  therefore,  very  necessary  to  give  workmen  a  just 
reward  for  their  labor  at  the  time  of  its  performance,  instead  of 
holding  out  promises  for  the  distant  future.     Hence  it  is  wise, 
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in  establishing  this  system,  to  apply  it  very  gradually,  but  firmly, 
and  with  definite  data  at  hand. 

On  careful  inquiry  into  the  condition  of  workmen  now  work- 
ing under  this  system  in  manufacturing-plants,  it  is  found  that 
their  living-conditions  improve  greatly.  It  is  almost  impossible 
for  one  to  drink  to  excess  and  keep  up  the  work  required: 
It  is  in  reality  a  body  of  only  first-class  men  who  are  all 
working  together  to  secure  large  wages  which  are  theirs  irre- 
spective of  dull  times  and  labor-strifes.  The  organization  is  in 
reality  a  labor-union  in  which  the  employer  pays  aU  expenses 
and  gives  the  workman  the  best  wages  he  can  earn. 

In  adapting  this  system  to  mining  one  must  expect  to  spend 
considerable  money  in  order  to  secure  proper  fundamental  data 
and  to  educate  the  men  to  the  system.  If  these  matters  are 
given  proper  consideration,  and  the  work  is  carried  out  gradu- 
ally, step  by  step,  the  result  will  be  thoroughly  successful. 

In  mining,  where  it  is  desired  to  make  the  greatest  possible 
output  in  the  shortest  time  and  at  the  least  expense,  it  is  evident 
that  labor  is  the  most  important  factor  with  which  we  have  to 
deal.  I  believe  that  any  experienced  mine-manager  will  agree 
that  a  strong  working-organization  is  of  greatest  value  to  the 
success  of  the  industry.  Mills  and  machinery  which  are  de- 
stroyed by  fire  can  easily  be  replaced  with  new  capital ;  but 
it  takes  a  long  time  to  develop  a  strong  working-organizatiou. 

I  repeat  that,  in  order  to  attain  the  most  eflBicient  manage- 
ment it  is  necessary  to  combine  high  wages  with  low  labor- 
cost.  The  following  four  principles,  as  advocated  by  Frederick 
W.  Taylor  in  his  paper,  Shop  Management,^  seem  most  sim- 
ple of  attainment : 

1.  A  Large  Daily  7ask. — ^Each  man  in  the  establishment, 
high  or  low,  should  have  a  certain  clearly-defined  task  laid  out 
before  him.  This  task  should  not  in  the  least  degree  be  vague 
or  indefinite,  but  should  be  circumscribed  carefully  and  com- 
pletely, and  should  not  be  easy  to  accomplish. 

2.  Standard  Conditions, — ^Each  man's  task  should  call  for  a 
full  day's-work,  and  at  the  same  time  the  workman  should  be 
given  such  conditions  and  appliances  as  wiU  enable  him  to 
accomplish  his  task  with  certainty. 

^  Tran8acii4m8  of  the  American  Society  of  Mechcmioal  Engineers,  toI.  zziy.,  pp. 
1337  to  1456  (1903). 

[6] 

Digitized  by  VjOOQ IC 


EFFIOIBNCY-ENGINBBRING   APPLIED   TO    MINING.  1001 

3.  High  Wages  for  Success, — He  should  be  sure  of  large  pay 
when  he  accomplishes  his  task. 

4.  Loss  in  Case  of  Failure. — When  he  fails  he  should  be  sure 
that  sooner  or  later  he  will  be  the  loser  by  it. 

It  is  most  advisable  to  organize  what  may  be  called  a 
"  planning  "-department  I  would  advocate  that  this  depart- 
ment consist  of  one  or  more  specially-trained  men  for  each 
branclj  of  the  industry.  For  example,  one  for  the  mine  and 
one  for  the  mill,  the  balance  of  the  department  to  consist  of 
the  superintendents  of  the  respective  departments  and  the 
manager  of  the  company — ^the  superintendents  and  the  mana- 
ger not  to  take  the  initiative,  but  to  work  with  the  men  who 
have  had  special  training  in  each  line. 

By  making  use  of  a  card-system  in  which  the  workman  fills 
up  his  own  card  daily,  to  be  approved  by  his  foreman,  it  is  often 
possible  for  the  planning-department  to  handle  all  its  office- 
work  without  extra  help.  The  offices  of  this  department 
should  be  situated  as  close  to  the  work  as  possible,  in  order  to 
keep  in  constant  touch  with  its  progress. 

In  starting  work,  each  workman  passes  through  the  planning- 
department  and  secures  his  daily  card,  on  the  back- of  which 
the  planning-department  has  designated  plainly  and  exactly 
what  his  day's  work  is  to  be,  and  the  tools  he  will  require. 

It  hardly  seems  necessary  to  explain  the  advantages  of  such 
a  department.  It  makes  it  unnecessary  for  the  workman  to 
think  out  his  task  or  stop  to  hunt  up  tools,  supplies,  etc.,  as  he 
is  thus  definitely  instructed  daily  what  to  do,  the  tools  to  use 
and  how  to  use  them,  leaving  nothing  for  him  to  think  of  but 
performing  his  task  in  the  most  advantageous  way  and  re- 
ceiving his  high  wages.  The  planning-department  naturally 
develops  a  standard  of  efficiency  which  if  left  to  the  foreman 
often  suffers  in  all  directions. 

Mr.  Taylor  says  in  his  paper  that  he  has  never  been  opposed 
by  a  strike,  although  he  has  been  engaged  for  a  greater  part  of 
his  time,  since  1883,  in  introducing  this  system  of  management 
in  different  parts  of  the  country,  and  in  a  great  variety  of 
industries. 

It  certainly  seems  that  a  system  which  makes  it  possible  for 
the  workman  to  earn  high  wages  should  be  advantageous  in 
preventing  labor-disturbances.     This  in  itself  would,  in  many 
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cases,  be  a  sufficient  saving  to  the  employer  to  warrant  the 
adoption  of  the  system,  to  say  nothing  of  its  possibilities  in  re- 
ducing operating-costs  and  increasing  output. 

This  system  is  often  regarded  as  applicable  only  to  routine 
jobs;  but  it  is  so  flexible  that  a  daily  task  of  several  duties  can 
be  prescribed  with  decided  success  to  one  or  more  workmen, 
such  as  inspectors,  janitors,  millmen,  yardmen,  etc.,  whose 
work  comprises  many  different  functions. 

Consider  the  usual  work  of  a  timekeeper,  walking  from 
place  to  place,  and  man  to  man,  in  all  kinds  of  weather,  spend- 
ing only  a  few  moments  in  each  place,  and  trying  to  make  an 
exact  and  detailed  report  on  a  separate  card  for  each  man.  This 
could  be  done  by  each  workman  in  a  few  minutes  every  day, 
thus  giving  the  employer  a  most  exact  system  of  detailed  work- 
and  time-reports,  while  a  timekeeper  is  only  interested  in  the 
total  time  of  work.  A  form  of  report  card  is  shown  in  Figs. 
1  and  2. 

It  should  also  be  the  function  of  the  planning-department 
to  analyze  mechanical  and  other  operations.  In  a  large  con- 
centrator-plant, one  cannot  but  notice  the  network  of  belting. 
It  is  usually  next  to  impossible  to  drive  concentrators  in  any 
other  way  than  by  belting ;  yet  how  many  mine-superintendents 
and  managers  realize  that  an  analysis  of  the  tension  on  belting 
shows  a  vast  difference  in  power,  efficiency,  life  and  usefulness 
of  the  belt.  It  has  been  found  by  exhaustive  tests  that  belts 
properly  cared  for  by  a  trained  workman  will  average  twice 
the  pulling-power,  and  require  much  less  care,  than  when 
handled  according  to  the  usual  practice  in  the  concentrators  I 
have  observed. 

I  have  been  especially  impressed  with  the  fact  that  the  ma- 
jority of  large  working  mines  have,  as  a  rule,  extremely  effi- 
cient and  up-to-date  hoisting-apparatus,  embodying  not  only 
the  best  safety-appliances,  but  operating  economically  ;  and  yet 
in  most  of  these  high-class  installations,  when  run  by  steam, 
there  is  a  great  disregard  for  the  steam-plant  design  and  equip- 
ment. Considering  that  the  cost  of  any  kind- of  steam-fuel  is 
usually  higher  in  a  metal-mining  district  than  almost  anywhere 
else,  we  may  well  be  surprised  that  there  is  less  regard  paid  to 
its  value  in  such  places  than  in  coal-  and  oil-camps  where  fuel 
is  very  cheap. 
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There  are  few  mines,  using  more  than  a  100-h-p.  boiler- 
plant,  where  it  would  not  be  possible  to  evaporate  from  one- 
fourth  to  two-thirds  more  water  per  pound  of  fuel  burned  than 
is  now  evaporated,  and  do  it  with  less  labor-expense. 

Assuming  $4  per  ton  as  the  cost  of  a  fair  grade  of  bitumi- 
nous coal  delivered  on  the  grates  of  a  boiler-plant  of  500  h-p. 
rating,  the  saving  of  one-fourth  of  the  fuel-expense  means  an 
annual  saving  of  approximately  f  12,600.  It  is  hardly  possible 
to  estimate  the  total  value  of  such  a  saving  (or  the  correspond- 
ing present  waste)  to  the  industry  as  a  whole. 

Space  will  not  permit  the  consideration  here  of  each  phase 
of  the  mine-  and  mill-equipment ;  but  what  has  been  said  of 
the  possible  value  of  improved  apparatus  and  methods  applies 
to  nearly  every  branch  of  the  industry  and  its  relation  to  the 
results  obtainable  through  a  properly-organized  eflSciency-plan- 
ning  department. 

In  introducing  this  system,  one  cannot  expect  to  attain  the 
maximum  output  of  the  workmen  at  once;  they  gradually 
increase  their  working-capacity  as  they  are  taught  efficient 
ways  of  handling  themselves  and  their  tools,  and  become  accus- 
tomed to  the  new  system. 

In  changing  to  this  system  I  would  advocate  a  start  along 
the  following  lines  : 

1.  The  selection  of  a  man  of  wide  experience,  not  a  miner, 
geologist,  or  mill-operator,  but  a  man  who  has  especial  ability 
to  observe  what  is  actually  going  on,  to  take  part  in  it,  and  to 
win  the  confidence  and  help  of  all  the  workmen. 

2.  The  standardization  of  tools  and  methods  throughout  the 
mine,  mill,  and  office. 

3.  The  scientific  study  of  time  required  to  do  unit-work  in 
all  lines. 

4.  The  establishing  of  a  card-system  by  which  the  workman 
can  transmit  the  required  information  to  the  planning-depart- 
ment. 

5.  The  making  of  a  complete  analysis  of  each  piece  of  equip- 
ment used,  and  establishing  a  graphic-chart  system  of  its  oper- 
ating-efficiency. 

In  making  time-observations  it  is  advisable  to  use  a  stop- 
watch, noting  each  observation  and  leaving  nothing  to  memory. 
It  is  also  necessary  to  record  each  detail  of  the  operation,  as  a 
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time-account  of  the  total  job  is  of  little  assistance  to  a  first-rate 
planning-department. 

In  taking  time-observations  of  machine- drill  operation,  I 
would  advocate  subdividing  the  time-observations  into:  (1) 
time  required  to  place  drill-column;  (2)  time  to  mount  drill  on 
column-arm ;  (3)  time  to  make  drill-connections  ready  for  start- 
ing; (4)  time  to  crank  machine  forward;  (6)  time  to  put  down 
first  bit;  (6)  time  to  withdraw  bit;  (7)  time  to  place  new  bit; 
(8)  time  to  crank  to  drilling-position;  and  so  on  through  the 
operations  of  a  shift. 

It  may  seem  unnecessary  to  go  into  such  detail ;  but  if  a 
hundred  observations  of  this  character  were  taken,  it  would 
enable  the  planning-department  to  fix  the  exact  time  for  many 
other  complete  jobs  of  a  different  nature  and  position.  The 
observation  of  each  step  is  more  simple  than  when  a  combination 
of  several  steps  is  taken  together.  A  large  part  of  the  work  com- 
prises certain  operations  of  standard  duration,  such  as  cranking 
a  drill  forward  or  back,  or  removing  its  steel.  These  standards, 
once  determined,  have  great  latitude  of  application. 

In  a  great  many  mines,  mucking  is  often  the  cause  of  serious 
delay  to  drillers  and  general  progress.  This  can  be  obviated 
by  having  the  trammers  help  clear  the  space  required  for  the 
drill-column,  and  letting  the  drillers  stand  on  the  pile  while 
putting  in  the  upper  holes,  the  muckers  in  the  meantime  work- 
ing from  the  outside  of  the  pile.  By  the  time  the  upper  holes 
are  in,  the  drillers  can  work  to  advantage  on  the  lower  holes 
without  any  footage-support,  while  the  muckers  finish  clearing 
the  pile. 

In  timing  the  mucking-operation,  observations  should  be 
taken  about  as  follows :  Loading  shovel-pan  and  straightening 
up;  conveying  to  dumping-position  and  dumping;  returning  to 
loading-position ;  load  on  shovel  in  pounds.  If  we  let  x  equal 
time  in  minutes  for  loading  shovel  and  straightening  up ;  y, 
the  time  for  conveying  to  dumping-position  and  dumping ;  and 
2,  the  percentage  of  time  per  shift  spent  in  resting,  then  the 
time  in  minutes  required  to  shovel  1  ton  equals 

[Pounds  in  ton  "i 

V     "T  y )  weight  of  shovelful  in  poundsj^     "^    '^ 

Accurate  analyses  of  the  time-elements  in  this  class  of  work 

[12] 


Digitized  by 


Google 


BFFICIBNOY-BNOINBBRINO   APPLIBD   TO   MINING. 


1007 


make  it  possible  to  arrange  economically  the  work  in  a  mine 
80  that  mucking  can  keep  pace  with  drilling-  and  other  opera- 
tions. Similar  observations  of  time-elements  will  apply  to  a 
wide  range  of  work  usually  classed  under  "miscellaneous 
jobs/'  in  which  no  particular  department-head  has  any  special 
interest,  and  which,  in  general,  is  largely  left  to  the  handy  man 
of  the  gang. 

The  principal  objection  which  may  be  raised  against  the  in- 
troduction of  this  system  is  the  possibility  of  incurring  the 
opposition  of  organized  labor.  But  there  are  many  consider- 
ations to  the  contrary.  In  the  first  place,  we  are  to  select 
first-class  and  intelligent  workmen  with  whom  to  start  the 
system,  or,  in  other  words,  in  introducing  the  system,  one  or 
two  first-class  men,  carefully  selected,  are  put  on  the  new 
basis  unknown  to  the  other  workmen.  These  men  soon  learn 
their  earning-value,  and  have  no  desire  to  join  a  union  of  work- 
men below  their  grade. 

To  secure  the  greatest  harmony  between  workmen  and  em- 
ployer, the  employer  must  be  fair,  fearless,  and  democratic.  I 
do  not  believe  that  I  have  ever  seen  friction  in  any  establish- 
ment in  which  the  employer  met  his  men  half  way  and  took  the 
trouble  to  listen  to  their  side  of  all  matters.  No  manager  ever 
lost  any  prestige  through  being  well  liked  by  his  men. 

By  arranging  a  fixed  plan  through  which  each  and  every 
workman  can  in  some  degree  express  any  private  opinion  he 
may  have,  labor-unions  and  strikes  can  be  prevented.  These 
suggestions  and  opinions  are  often  of  great  value  to  the  em- 
ployer. 

It  is  often  possible  for  the  management  of  larger  concerns  ts 
organize  a  workman's  club,  which  can  meet  periodically,  and 
often  with  company  officials,  for  written  or  oral  discussions  on 
subjects  of  interest  to  workmen.  They  usually  appreciate  lec- 
tures by  trained  men  on  improved  methods  of  working,  as 
well  as  an  opportunity  to  read  current  literature  or  play  clean 
games.  While  I  do  not  believe  in  luxurious  club-houses  and 
conservatories,  I  do  believe  a  well-organized  workmen's  club, 
provided  with  facilities  for  intellectual  and  bodily  improvement, 
results  in  great  contentment  of  workmen  as  a  class.  These,  of 
course,  should  follow,  and  not  precede,  scientific  management. 

Such  clubs  replace  entirely  any  desire  on  the  part  of  a  first- 
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class  workman  to  organize  or  join  a  labor-union.  Let  each 
employer  organize  in  such  a  way  as  to  make  his  men  more 
contented,  thereby,  than  with  any  outside  inducements  possible. 

I  realize  that  as  long  as  an  employer  tries  to  drive  his  men, 
and  at  the  same  time  pay  them  as  poorly  as  possible,  so  long 
will  there  be  demands  for  labor-unions  or  for  other  things  of 
a  rebellious  nature. 

The  greatest  success  is  to  be  obtained  by  leading  workmen 
to  better  conditions;  never  by  driving  them.  This  does  not 
mean  that  they  are  to  have  favors  lavished  upon  them.  It  is 
only  necessary  that  the  employer  have  the  whole  interest  of  his 
workmen  at  heart — a  spirit  which  is  unconsciously  radiated 
and  felt  by  every  one,  and  in  exchange  for  which  workmen  will 
accomplish  almost  any  task  set  before  them. 

It  seems  to  me  that  the  ultimate  means  of  obtaining  harmony 
of  employer  and  employee  is  such  a  system  of  education  as  I 
have  outlined,  under  which  the  workmen  will  expand  their 
thoughts  into  actual  thinking  ability.  While  this  would  be  a 
benefit  to  present  workmen,  I  would  go  a  step  further  and  ad- 
vocate the  introduction  into  schools  and  colleges,  and  especially 
technical  colleges,  of  a  course  of  study  dealing  with  advanced 
ideas  on  labor-problems  and  scientific  management. 

As  I  have  already  said,  I  believe  the  mining  industry  is  greatly 
in  need  of  more  scientific  organization  and  management ;  and  I 
hope  others  will  be  led  to  investigate  this  subject  more  fully, 
with  this  end  in  view. 
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Mining-Methods^at  Nacozari,  Sonora,  Mexico. 


BT  D.    0.  LIVINGSTON,  MOSCOW,  IDAHO. 

(Presented  by  invitation  at  a  meeting  of  the  Spokane  Local  Section  of  the  Institute, 

Feb.  17, 1912.) 

The  Pilares  de  Nacozari  mine  is  located  in  Sonora,  75  miles 
loath  of  Douglas,  Ariz.  The  town  of  Douglas  is  on  the  In- 
ernational  Boundary  and  is  the  place  at  which  the  ores  from 
he  Bisbee  mines  are  smelted.  The  Moctezuma  Copper  Co. 
)wns  the  mines  at  Nacozari,  and  the  copper-concentrates 
ihipped  to  the  Copper  Queen  smelter,  at  Douglas,  make  a  good 
melting-mixture  with  the  Bisbee  ores.  The  Moctezuma  Cop- 
)er  Co.  and  the  Copper  Queen  smelter  at  Douglas,  as  well  as 
he  railroad  from  Douglas  to  Nacozari,  are  owned  by  the 
Phelps  Dodge  Co. 

The  ore-deposit  occurs  in  the  form  of  a  large  ellipse  with  a 
najor  axis  of  approximately  2,000  ft.  and  a  minor  axis  of 
ibout  600  ft.,  the  major  axis  bearing  about  9®  W.  of  N.  The 
vhole  of  this  ellipse  is  more  or  less  mineralized ;  the  surface 
)eing  principally  an  iron  gossan  with  some  occasional  copper- 
itains.  Below  the  oxidized  zone,  which  is  not  more  than  50 
't.  deep,  the  minerals  are  pyrite  and  chalcopyrite,  with  occa- 
donal  seams  of  chalcocite,  the  latter  being  rare.  There  appears 
X)  be  no  well-marked  zone  of  secondary  enrichment,  the  oxi- 
lized  gossan  over  the  greater  part  of  the  deposit  changing 
mddenly  to  what  is  apparently  the  original  unaltered  ore.  The 
3opper-values  are  concentrated  around  the  perimeter  of  the 
ellipse,  and  it  is  principally  around  this  perimeter  that  the 
nining  is  done.  The  ore  mined  averages  a  little  more  than 
}  per  cent,  of  copper,  with  a  small  amount  of  silver,  less  than 
xn  ounce  per  ton.  Some  ore  of  considerably  higher  grade 
;han  this  has  been  shipped,  however,  but  the  above  average  is  *' 

)f  the  mill-run.     The  ore  is  wider  near  the  two  ends  of  the  - 

ellipse  than  along  the  sides,  and  is  mined  in  some  cases  to  a 
tvidth  exceeding  200  ft.  The  country-rock  for  the  first  verti- 
cal 500  ft.  is  a  volcanic  acid  breccia,  probably  rhyolitic ;  below 
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this  point  it  is  more  a  basic  breccia,  probably  andesitic.  The 
contact  is  plainly  marked  on  the  surface  by  bluffs  in  one  place, 
but  it  is  almost  impossible  to  trace  it  underground  on  account 
of  the  similar  appearance  of  the  two  rocks  when  freshly  broken. 
The  change  in  formation  has  no  apparent  effect  on  the  ore ;  if 
anything,  it  is  somewhat  richer  but  more  bunchy  in  the  lower 
formation,  but  there  has  not  yet  been  enough  work  done  to 
verify  this  statement.  The  contact  between  the  mineralized 
rock  of  the  ellipse  and  the  unmineralized  country-rock  is 
plainly  marked  by  a  more  or  less  definite  wall,  the  rock  on 
both  sides  of  this  wall,  however,  being  the  same.  The  ore  is 
extracted  from  this  wall  towards  the  center  of  the  ellipse  until 
it  becomes  too  low-grade  to  mine,  although  the  whole  of  the 
interior  of  the  ellipse  would  run  almost  1  per  cent,  of  copper. 

This  property  presents  a  very  interesting  study  of  the  origin 
of  ore-deposits  and  was  being  examined  and  mapped  last 
summer  for  the  Moctezuma  Copper  Co.  by  J.  M.  Boutwell, 
formerly  of  the  TJ.  8.  Geological  Survey.  There  is  a  similar 
deposit  at  Mount  Morgan,  Australia,  which  also  is  in  the  form 
of  an  ellipse,  though  less  than  half  the  size  of  the  one  at  Naco- 
zari.  I  believe  it  is  worked  chiefly  for  the  gold-values,  and 
the  whole  of  the  ellipse  is  more  or  less  workable.  At  the 
Braden  copper-mine,^  Chile,  there  is  an  ore-body  of  this  same 
shape,  but  there  the  ore  occurs  along  a  contact  of  a  volcanic 
neck  which  is  intrusive  in  an  older  rock  and  different,  while 
at  Nacozari  the  country-rock  and  the  interior  of  the  ellipse 
are  apparently  the  same. 

The  mine  is  opened  by  two  3-compartment  shafts,  situated 
one  at  each  end  of  the  ellipse,  and  an  adit  tunnel  about  a 
mile  long  which  taps  the  deposit  at  a  point  about  600  ft.  below  the 
collar  of  the  shafts.  This  adit  is  large  enough  to  allow  narrow- 
gauge,  25-ton  railroad-cars  to  load  from  the  mine-chutes,  and  it  is 
chiefly  due  to  this  cheap  handling  of  the  ore  that  the  enterprise 
has  become  so  commercially  successful.  The  railroad  runs  to 
the  top  of  the  bins  above  the  concentrator,  which  is  situated  on 
the  Nacozari  railroad  at  the  town  of  Nacozari,  about  5  miles 
from  the  mine.  From  here  the  concentrates  are  shipped  to  the 
smelter  at  Douglas,  Ariz.  The  daily  output  of  ore  is  between 
1,500  and  2,000  tons. 

1  Tram,,  xl.,  743  to  746  (1909). 
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The  levels  in  the  mine  are  100  ft.  apart;  and  the  general  plan 
3  to  use  every  alternate  level  as  a  stoping-base,  the  inter- 
aediate  levels  being  used  for  development,  ventilation,  and  the 
iistribution  of  waste  to  the  stopes  that  are  being  filled.  At  the 
►resent  time  practically  all  the  ore  is  being  mined  above  the 
dit-level,  which  is  known  as  the  "  700,"  and  at  the  present  rate 
f  output  there  should  be,  on  a  rough  estimation,  approximately 
n  ore-supply  of  at  least  10  or  12  years  above  this  level.  The 
haft  at  the  north  end  has  been  sunk  to  the  1,000-ft.  level,  and 
ome  work  has  been  done  on  this  level,  as  well  as  on  the  800- 
nd  900-ft.  levels. 

Owing  to  the  scarcity  of  timber  in  the  neighborhood,  and  to 
be  high  price  of  imported  timber,  it  has  been  necessary  to 
dopt  mining-methods  which  would  eliminate  the  use  of  timber 
s  much  as  possible.  The  nature  of  the  rock  is  such  that 
T^hile  it  is  not  hard  to  drill  or  blast,  it  stands  without  timber 
n  a  most  remarkable  manner  in  most  parts  of  the  mine.  This 
haracteristic  of  the  rock  has  also  prevented  the  using  of  the 
aving-  and  top-slicing  methods,  which  are  being  used  so  suc- 
essfully  at  Cananea  in  some  of  the  mines.  Accordingly,  some 
ystem  of  underhand  stoping  had  to  be  devised,  and  the  follow- 
ag  two  methods  are  used  : 

(1.)  The  old  method,  Fig.  1,  which  is  room-and-pillar  with 
^aste-filling  as  the  work  progresses. 

(2.)  The  new  method.  Fig.  2,  which  is  shrinkage  with  waste- 
lling  after  all  of  the  ore  has  been  extracted. 

(1.)  With  the  room-and-pillar  method  the  mine-plan  is  laid 
ft  into  pillar-lines  at  right  angles  to  the  strike  of  the  ore  and 
laced  50  ft.  apart,  dividing  it  into  alternate  stopes  and  pillars. 
L  main  working-drift  is  run  approximately  parallel  to  the  strike, 
nd  cross-cuts  are  turned  oif  every  100  ft.  in  the  pillars.  From 
hese  cross-cuts  right-angle  headings  are  turned  oflF,  and  every 
0  ft.  run  to  the  center  of  the  stope  and  from  these  the  sill- 
oor  is  cut  out  to  the  limits  of  the  ore  and  to  the  pillar-lines, 
laking  the  stope  50  ft.  wide.  The  roof,  where  necessary,  is 
upported  by  props  or  cribs,  and  a  6-ft.  cut  is  then  taken  upward 
rith  stoping-drills,  the  blasted  ore  being  drawn  off  immediately, 
nd  filling  run  in  from  the  level  above  through  winzes  to 
rithin  4  or  5  ft.  of  the  roof.  The  short  drifts  from  the  cross- 
uts  are  timbered  through  the  filling,  and  cribbed  chutes  and 
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man-waye  are  carried  up  from  the  ends  of  these.     In  a  stope 
150  ft.  long,  there  would  be  three  of  these  chutes  and  man-ways. 

There  were  no  pillars  being  extracted  when  I  was  there,  and 
it  was  probably  the  apparent  difficulties  of  removing  these 
pillars  without  losing  a  large  amount  of  ore  by  mining  with 
waste,  which  led  to  the  adoption  of  the  new  method. 

(2.)  With  the  shrinkage  method,  designed  by  C.  A.  Smith, 
the  use  of  timber  is  almost  entirely  eliminated,  as  not  even 
timbered  chutes  are  used.  Cross-cuts  are  turned  oflF  from  the 
main  haulage-drift  every  50  ft.  parallel  to  the  pillar-linee,  and 
extending  to  the  limits  of  the  ore. 

The  next  step  is  driving  what  are  called  the  ''stopes,"  which 
are  breasts  15  ft.  wide  and  the  height  of  an  ordinary  drift. 
These  are  driven  parallel  to  the  cross-cuts,  and  midway  be- 
tween them,  and  are  carried  to  the  limit  of  the  ore.  From  the 
cross-cuts  "  shovel-ways  "  are  turned  off  at  right  angles  at  in- 
tervals of  from  20  to  25  ft.,  and  are  driven  to  connect  with  the 
stopes.  Turn-sheets  are  placed  at  the  mouths  of  the  shovel- 
ways.  The  ground  is  now  ready  to  commence  underhand 
stoping.  The  stopes  are  carried  up  the  same  width  (15  ft.) 
with  stoping-drills  to  a  height  of  20  ft.  above  the  floor,  and  are 
then  widened  10  ft.  on  each  side  making  them  35  ft.  in  width, 
with  15-ft.  pillars  in  between. 

The  machines  are  set  up  on  the  broken  ore,  enough  being 
drawn  out  through  the  shovel-ways  to  keep  a  working-clear- 
ance. The  stope  is  continued  up  in  this  manner  to  the  next 
stoping-level.  This  work  was  started  last  summer,  but  it  is 
evident  that  the  main  drifts  will  have  to  be  timbered  where 
the  stopes  cross  them  in  order  to  keep  the  broken  ore  off  of 
the  track  and  cribbed  man-ways  built  up  through  the  broken 
ore  at  these  points,  but  aside  from  this,  with  the  exception  of 
an  occasional  prop,  no  timber  is  used  at  all.  There  would  be 
no  absolute  necessity  for  man- ways  through  the  broken  ore,  as 
the  stope  can  be  entered  by  means  of  the  winze  from  the  level 
above. 

The  shovel-ways,  which  are  merely  rock-chutes,  have  been 
used  in  the  mine  for  a  number  of  years  in  the  narrower  por- 
tions of  the  vein  instead  of  timber  chutes.  The  reasons  for 
their  adoption  are: 

(1.)  No  timber  required. 
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(2.)  Ease  and  eafety  in  blasting  large  boulders,  which  can  be 
lore  safely  and  easily  blasted  in  the  shovel- ways  than  in  the 
topes,  and  without  interfering  with  the  work. 

(3.)  All  work,  except  timbering,  is  done  by  contract  with 
be  natives,  and  it  was  found  that  unless  all  the  rock  was 
roken  in  the  stopes  sufficiently  small  to  pass  a  chute  readily 
I  difficult  and  expensive  item  in  ground  that  breaks  big  where 
brinkage  is  employed),  it  was  just  as  cheap  to  have  it  shoveled 
ito  the  car  as  to  draw  off  from  a  chute  that  was  continually 
anging-up,  and  the  expense  of  the  timber  was  also  eliminated. 

In  mining  the  pillars  in  the  shrinkage  system,  I  believe  the 
Ian  is  to  put  up  raises  in  the  pillars  and  from  the  raises  to 
hatter  the  pillars  with  heavy  shots,  so  that  the  pillars  will  cave 
rhen  the  ore  is  drawn  out  of  the  stope.  If  this  method  works 
ut  as  expected  at  least  95  per  cent,  of  the  ore  should  be  re- 
overed. 

As  regards  the  comparative  costs  of  the  two  systems :  stoping 
1  the  wide  stopes  by  the  shrinkage  system  had  not  progressed 
ufficiently  in  the  summer  of  1911  to  give  a  complete  compari- 
9n,  but  what  figures  were  available  pointed  to  a  considerable 
aving  in  the  shrinkage  over  the  room-and- pillar  system.  This 
hould  be  the  case  after  the  sill  floor  has  been  opened  up,  because, 
a  the  shrinkage  system,  there  is  no  rock  handled  in  the  stopes 
ntil  the  ore  is  drawn  out,  whereas,  in  the  room-and-pillar  system 
oth  the  ore  and  waste  filling  have  to  be  handled  in  the  stopes 
a  wheelbarrows. 
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Replaceable  Lips  for  Elevator-Buckets. 

BT  H.   J.    MAQUIRE,   WALLACE,   IDAHO. 
(PreMnted  by  invitation  at  a  meeting  of  the  Spokane  Local  Section,  Feb.  17, 1912.) 

Thosb  familiar  with  mill-practice  understand  the  work  re- 
quired of  an  average  bucket-elevator,  but  I  wish  to  call  special 
attention  to  the  wear  on  the  buckets.  I  have  been  studying 
in  what  manner  the  life  and  service  of  the  bucket  might  be 
improved,  and  I  feel  that  an  adjustable  lip,  attachable  to  each 
bucket  without  the  aid  of  rivets,  will  be  of  material  advan- 
tage. 

For  illustration,  consider  the  feed-elevator  of  a  typical  mill 
in  the  Coeur  d'Al^ne  district.  The  ore  is  carried  by  water  in 
a  launder  from  the  feed-rolls  and  dumped  in  the  "boot"  of 
the  elevator,  directly  in  front  of  the  ascending  bucket.  Mid- 
dlings from  the  return-rolls  are  similarly  handled.  Under  this 
condition  the  bucket  not  only  carries  the  ore,  but  also  picks  it 
up,  and  this  latter  requirement  determines  the  life  and  service 
of  the  bucket.  It  might  be  said  that  it  would  be  better  prac- 
tice to  convey  the  feed*  to  the  elevator  and  dump  it  directly 
into  the  bucket,  but  at  one  mill  at  which  this  plan  was  tried 
the  results  were  disappointing  and  the  rubber  belt  was  badly 
worn. 

The  wear  of  the  bucket  is  confined  to  the  lip  and  the  cor- 
ners which  have  to  pick  up  the  material.  When  the  lip  on  a 
corner  of  a  7-  by  12-in.  malleable  cast-iron  bucket  is  worn  down 
about  8  in.,  the  bucket  is  of  no  further  value  as  a  carrier  and 
has  to  be  replaced.  The  worn  bucket,  containing  about  three- 
quarters  by  weight  of  the  metal  of  the  original  bucket,  has  a 
scrap  value  of  about  10  per  cent,  of  that  of  a  new  bucket. 
To  the  cost  of  the  bucket,  however,  should  be  added  the  time- 
cost  of  replacing  the  old  bucket  by  a  new  one.  This  time-cost 
is  cofisiderable  when  the  loss  per  hour,  to  cease  operating  the 
mill,  is  about  $200. 

It  is  out  of  the  question  to  put  lips  on  a  bucket  unless  the 
latter  was  originally  fitted  with  this  device.  For  if  it  is  at- 
tempted to  fit  lips  upon  buckets  not  originally  provided  with 
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them,  it  will  be  necessary  to  drill  holes  for  rivets  and  then 
spend  considerable  time  fitting  the  lips  to  the  irregular  con- 
tours of  the  worn  buckets.  The  improvement  suggested  is  an 
adjustable  attachment  which  can  easily  be  fastened  to,  or  re- 
moved from,  the  base  of  a  bucket  without  the  use  of  rivets. 
This  attachment,  to  be  made  of  a  high-grade  steel  drop- forging 
or  casting,  will  combine  toughness,  hardness,  and  tensile 
strength.  The  base  of  the  bucket  may  be  a  cheap  casting, 
possibly  ordinary  cast-iron.  This  combination  of  lip  and  base 
will  not  increase  the  cost  of  the  improved  bucket  much,  if  any, 
above  that  of  the  ordinary  bucket  now  in  use,  but  will  increase 
the  life  of  the  bucket,  doing  the  same  amount  of  work,  about 
400  per  cent.,  with  a  corresponding  decrease  in  time  lost  in 
changing  buckets. 


Fig.  1.— Isometric  Projection  of  Bucket  with  Lip  Attachment, 
Showing  the  Lip  Bolted  to  Bucket. 

This  improved  bucket  is  illustrated  in  Fig.  1,  which  shows 
a  projection  of  the  bucket  with  the  attachment  in  place.  Two 
bolts,  one  on  each  side  of  the  elevator-belt,  pass  through  the 
base  and  attachment  and  hold  both  fast  to  the  belt.  These  end- 
bolts  are  0.25  in.  longer  than  the  others.  Fig.  2  shows  the  bucket 
with  part  of  the  lip  removed,  illustrating  the  manner  in  which 
it  is  fitted  to  the  base  and  the  opening  at  A  which  receives  the 
lug  A,  There  is  another  opening  at  JB,  which  is  not  shown. 
Probably  a  more  desirable  arrangement  than  this  would  be  to 
place  the  attachment  inside  the  base,  in  which  case  the  outside 
of  the  lip  and  the  inside  of  the  base  would  be  rabbeted. 

I  am  indebted  to  Stanley  A.  Easton,  General  Manager  of  the 
Bunker  Hill  &  Sullivan  mine,  for  the  following  data,  which  bear 
out  my  statement,  and  show  that  others  have  been  trying  to 
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improve  the  service  of  elevator-buckets.  He  says  that  they 
use  there  7.75-  by  17-in.  malleable  cast-iron  buckets,  which  give 
approximately  80  days'  continuous  service  on  middlings-eleva- 
tors, in  the  old  mill,  handling  350  tons  per  day.  Placing  a  man- 
ganese-steel lip  on  one  bucket  in  a  set  of  72,  added  35  days' 
service  to  the  80  days  for  the  whole  set.     This  set  then  gave  a 


Fig.  2.— Bucket  with  Part  of  Lip  Removed,  Showing  the  Shoulder 
ON  WHICH  It  Rests  ;  also  the  Opening  at  A  which  Receives  the 
Lug  a,  Fig.  1.  Another  Lug  at  B^  Figs.  1  and  2,  is  not  Shown 
IN  the  Drawing& 

total  service  of  1 15  days.    The  cost  of  buckets  per  year,  for  1,300 
lin.  ft.  of  belt  handling  2,750  tons  per  day,  is  $1,436.80. 

On  this  basis,  the  total  cost  for  elevator-buckets  in  the  con- 
centrators of  the  CoBur  d'Alfene  district  must  be  at  least  $10,000 
per  year.  The  saving  by  installing  improved  buckets  can  easily 
be  estimated. 


[3] 


Digitized  by 


Google 


Digitized  by 


Google 


Advertisements. 


SuDivanMadimeij^]^^ 


122  So.  Michigan  Avenue  Chicago  Illinois 
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Strawberry  Valley  Tunnel,  Showing  Flow  of  Water. 

The  Strawberry  Valley  Tunnel 

of  the  U.  S.  Reclamation  Service,  in  the  Wasatch  Mounta-ins 
of  Utah,  was  holed  through  on  June  20th,  after  more  than 
three  years'  work,  three  shifts  per  day. 

The  Strawberry  Tunnel  is  nearly  four  miles  (19,000  feet) 
long,  and  9  feet  by  6  inches  by  10  feet  in  section.  It  was 
driven  throughout  by 

SuLUVAN  Rock  Drills 

The  work  was  carried  on  directly  by  the  Engineers  of  the  Reclamation 
Service.  For  20  months  from  April,  1909,  to  November,  1910,  the  foot- 
age driven  (single  heading)  averaged  392  feet,  or  5.28  feet  per  shift.  The 
most  rapid  progress  was  made  in  the  seven  months  from  May  to  November, 
1910,  with  an  average  of  446  feet  per  month  and  a  high  record  of  500  feet 
in  November.  Since  that  time  speed  has  been  cut  down  by  a  heavy  flow 
of  water  in  the  heading,  rendering  the  work  slow  and  dangerous. 


Air  Compressors 
DriUs 


ASK  FOR 
BULLETIN  866-F 


Hammer  DriUs 
Hoists       Fans 


II 

1 


(I) 


Digitized  by 


Google 


AdvertiseTnmts. 


1B46 


1912 


W.  &  L.  E.  QURLEY 

TROY,  N.  Y. 

LARGEST   MANUFACTURERS    IN   AMERICA 

OF 

Field  Instruments  for  Mining  and  Civil  Engineers 


Also^makera  of  ACCURATE  THERMOMETERS 

PHYSICAL  AND  SCIENTIFIC  LABORATORY  APPARATUS 
STANDARD  WEIGHTS  AND  MEASURES 

BRANCH  PACTOY^Y,  No.  3x5  MARITIME  BUILDING,  8BATTLB,  WASH. 
Send  for  Qurley's  Manual 
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You'll  Get  More 
Work  From 
Your  Drills  If 
You  Use  The 

LEYNER 

DRILL 

SHARPENER 

IR  Model  5 


The  best  drill  in  the  world  is  handicapped  by  poor,  improj>erly 
sharpened  bits.  The  poorest  drill  will  do  better  work  if  its 
bits  are  just  right. 

The  Leyner  Sharpener  makes  bits  that  must  be 
right— cannot  make  any  other  kind.  And  it 
is  the  only  sharpener  of  which  this  is  true. 

A  single  lever  controls  every  operation  on  the  Leyner.  The 
skill  and  experience  of  the  operator  may  affect  the  rate  of 
output,  but  it  cannot  affect  the  quality  of  the 
sharpening^.    The  machine  itself  does  the  thinking. 

Leyner-sharpened  bits  are  bound  to  be  right  as  to  gauge, 
alignment,  thickness  of  wings,  shape  of  cutting  edge,  quality 
of  metal,  relation  of  edges  one  to  another.  In  other  words, 
LfCyner-sharpened  drill  bits  are  perfect  bits. 

Perfect  bits  used  in  a  good  drill  handled  right  will  give  that 
drill  the  greatest  cutting  capacity,  by  increasing  its  drill- 
ing speed. 

Therefore,  the  Leyner  Sharpener  bulletin — yours  on  request — 
points  the  way  to  better  mining  economy,  to  lower  mining 
costs. 

NEW  YORK  INGERSOLL-RAND  CO.  "»"»»•' 

Exclusive  Selling  Agents 
OffioM  in  All  Principal  CitiM  of  th«  World 


Conprestors    Rock  Drills    Core  Drills    Stoping  Drills    Electric-Air  Drills 


Advertisements. 


PERFORATED  METAL 


MINING  SCREENS 

%  Used  in  sizing  Ores,  Coal,  Clay,  Cement,  Crushed  and  Ground 
Minerals  and  other  products. 

%  STANDARD  SIZES  OF  HOLES  varying  in  diameter  by 
Millimeters  and  fractions  or  decimals  of  an  inch,  in  metal  of  any 
thickness  to  one  inch  Steel  Plates. 

%  CYLINDRICAL  SCREEN  sections  and  segments  rolled  to 
diameter  with  butt  or  lap  joints,  and  fastened  with  clips  bolted  or 
riveted  if  desired.  * 

^  COAL  SCREEN  PLATES  with  standard  holes,  or  special  sizes 
for  local  requirements. 

%  MANGANESE  BRONZE  or  MONEL  METAL  screens  for 
acidulated  or  sulphurous  mine  waters. 

%  THE  H.  &  K.  P.  CO.  SCREENS  typify  accuracy,  precision  of 
alignment,  capacity  and  durability — they  are  dependable. 


We  try  to  cover  the  vital  points  of  accuracy,  capacity  and 
durability  as  well  as  it  can  be  done — there  is  nothing  mysterious 
about  the  way  we  make  our  screen  plates — it's  simply  experi- 
ence and  common  sense,  aided  by  the  teaching  of  Mining  Men, 
who  distinctive  as  a  class,  know  what  they  want. 

Our  leading  motive  is  to  supply  only  the  best  screens  that  can 
be  made  and  come  as  near  as  possible  to  meeting  their  wants. 

The  Harrington  &  King  Perforating  Co. 

621  North  Union  Street  CHICAGO,  ILL.,  U.  S.  A. 

N«w  York  Office:  114  Uberty  Str^l 
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THE  SLOGMN  OF  THE  CAKROfl^"  CHARACTER :   THE  ORAHDEST  THIHO" 

CameronSinkingPumps 


SHAFT   SINKING   is  difficult 
work  —  it    requires    unusual 
qualities  in  a  pump.    And  in 
the  Cameron  Pump  you  get  these 
qualities  in  full  measure. 

The  Vertical  Plunger  Pattern  has 
fewer  working  parts  than  any  other* 
steam  pump.  The  Steam  Mechan- 
ism consists  of  four  stout  pieces 
only  and  there  is  no  outside  Valve 
Gear  The  Steam  Valve  move- 
ment works  without  arms  or  levers 
so  that  the  Cameron  can  be  run 
faster,  without  danger  of  breaking, 
than  other  pumps. 

Practical  mining  men  are  enthu- 
siastic about  the  service  Cameron 
Pumps  give. 


"We  have  had  fifteen  years'  experience  with 
your  pumps,  and  will  accept  no  other  for  shaft 
sinking  purposes,"  writes  S.  Saunders,  Supt.  of  the 
Teziutlan  Copper  Co.,  Aire  Libre,  Puebla,  Mexico. 

COMPLETE  CATALOG  No.  5  WILL  BE  MAILED 
ON  REQUEST  TO  INTERESTED  PUMP  USERS 

A.  S.  Cameron  Steam  Pump  Works 

11  Broadway,  New  York 
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ISBELL  UNIVERSAL 
CONCENTRATOR 


Something  new,  but  not  an  experiment,  for  saving 
slimes.  Taking  feed  direct  from  20  mesh  or  finer 
screens  or  regrinding  mill.  Handling  50  to  100  tons 
of  ore  per  day.  Saving  mineral  that  will  pass  200 
mesh  or  finer.  Producing  clean  concentrates  and 
tailings.  The  quantity  of  middlings  produced  from 
two  tables  can  be  cleaned  on  one  table  of  the  ordi- 
nary finishing  type. 

The  cross-wash  water  rifBe  type  of  table  has  served 
its  purpose  for  the  past  twelve  or  fifteen  years,  but 
has  been  inefficient  compared  with  the  improve- 
ments in  other  machinery  for  the  dressing  of  ores. 
It  has  remained  for  Mr.  J.  P.  Isbell,  inventor  of  the 
Isbell  Vanner,  to  perfect  a  machine  that  saves  the 
slimes  along  with  the  process  of  concentration  with- 
out other  or  additional  treatment ;  at  the  same  time 
saving  freight  charges,  cost  of  installation,  mill 
space,  labor,  power,  water,  repairs,  the  price  of  at 
least  two  cross-wash  water  type  of  tables,  and  a 
greater  saving  of  mineral  values.  In  other  words, 
saving  the  slimes,  producing  concentrates,  and  doing 
the  work  of  from  four  to  six  cross-wash  water  riffle 
type   of  tables   and  that   many  additional  vanners. 


WRITE  US  FOR  FURTHER  INFORMATION. 

Isbell  Mining  Machinery  Co« 

Suite  306,  No.  313  W.  Third  St 
LOS  ANGELES,  CAU  U.  S.  A. 
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Weston  Ammeters  &  Voltmeters 

FOR  A.  C,  MINING  SERVICE 

Tliese  mstmmeiits  are  of  the  same  standard  qnalitj  and  possess 
the  s^e  f  eatores  of  durability  and  workmansiiip  as  the  wett- 
known  Weston  standard  D.  C  instmments.  They  are  so  low 
in  price  as  to  be  widiin  the  reach  of  all  users  of  electrical 
instnunents. 


Weston  A,  C-  instruments  are — 

Dead  Beat 

Extremely  Sensitiy e 

Practically  Independent  of 

Wave  Form  and  Temperature 

Error,  and  require  yery  Little 

Power  to  operate 


EcHpKSwltchboafd 
l7*  C*  Ifutrtuncfit 


FOR  D.C.  CIRCUITS  OF  SMALL        SwHchBoarf  A. C 
MINE  PLANTS  lattrament 

Weston  Eclipse  Ammeters,  Milliammeters 
AND  Voltmeters 

are  well  suited.  They  are  of  the  ''  soft-iron ''  or  Electro- 
naaspnetic  type,  remarkably  accurate,  well  made,  nicely 
fmished,  ana  especially  low  in  price.  Weston  Eclipse  in- 
struments are  far  in  advance  of  all  preceding  forms  of  the 
soft-iron  t]rpes. 

Write  for  catalogue  and  information. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  park,  Newark,  n.  J.,  U.  S.  A. 

N«w  York  Offioo  :  114  Liberty  Street. 

London  Branoh  :  Audrey  House,  Ely  Place,  Holbom. 

Paris,  Franoo :  E.  H.  Cadiot,  12  Rue  St.  Georges. 

Borlin  :  European  Weston  Instrument  Co.,  Ltd.,  Schoneberg,  Genest  Str.,  5. 
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First  Motion  Winding  Engines 

EQUIPPED  WITH 

NichoUon   Device  for  Prevention  of  Ovenvinding. 

Send  for  new  catalog— just  from  the  press. 

Vulcan  Iron  Works  <  •  Wukes-Barre,  Pa. 


CHROME  STEELWORKS 


CHROME.  N.J.. U.S.A. 

f  rORXUVLV    or  ffPOOKLVN  ,  fi,V:i 


=__J 


Longest  Service!       Most  Economical  I 

TRADB 

Adamantine  Chrome  Steel 


SHOES  AND  DIES 

(hydraulic  compressbo) 

FOR  STAMP  MILLS 

Cauda  Self-Locking  Cams 

Tappets     :     Bosslieads 

Cam  Sliafts     :     Stamp  Stems 

Send  for  iilustrated  patnphlet 
''Chrome  Steel  Stamp  MiU  Barts** 

Represented  by : 
J.  F.  Spellman,  First  Naf  1  Bank  Bldg.,  Denver,  Col. 

6.  W.  Myers,  Kohl  Bldg.,  San  Frandsoo,  CaL 
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STURTEVHNT 


NEWAYGO    DRY   SCREEN 

ONE  TO  FOUR  PRODUCTS  FROM  A  SINGLE  SEPARATOR 

RANGE  OF  OUTPUT  4  TO  160  MESH 

LESS  THAN  ONE  HORSE  POWER  TO  DRIVE 

COARSE  MESH   USED  TO  OBTAIN   FINE  OUTPUT 

Large  Capacity  *.-  Accorate  Product  -.*  Small  Wear  •.*  Perfect  Vibratioii 
Send  for  Cataloffus 

STURTEVANT  MILL  CO.,  BOSTON,  MASS. 


The  Standard 

Wire  Rope 

for  Mining 

BARE  AND  INSULATED 
IRON,   STEEL  AND 
COPPER  WIRE 


For    Prioss 

and   other 

Information, 

address 


John  A.  Roebling's 
Sons  Co. 

TRENTON,  N.  J. 


Stock    Shipments  from    agencies 
and   branches  throuflrhout  the  country 
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BUCKEYE  STEAM  ENGINES 

Reliability  is  a  feature  which  has  made  them  favorites  in 
the  mining  world.  The  simplicity  of  design  and  ease  with 
which  they  are  operated  in  either  direct  connected  or  belted 
service,  render  them  paying  investments. 


When  in  need  of  power  write  us. 


Horse  Powers  from  50  up. 


BUCKEYE  ENGINE  CO.,  salem,  ohio 


STEAM 


GAS 


COMPLETE  GRAPHIC  SOLUTION  FOR 

KUTTER'S   FORMULA 

FOR  THE  FLOW  OF  WATER. 

By  L.  I.  HBWBS  and  J.  W.  ROB,  Sheffield  Scientific  School,  Yale  University. 

By  the  use  of  this  diagram  and  a  straiRhtredffe,  a  complete  solution  of  Kuttei's 
Formula  for  any  given  conditions  can  be  obtains  in  SO  seconds,  without  the  tedious 
calculations  otherwise  necessary. 

Printed  on  cloth,  15  by  15  inches.    Suitable  for  office  or  field  use. 

PRICE,  60  CENTS. 

Sent,  postpaid,  on  receipt  of  price,  by 

The  American  Institute  of  Mining  Engineers, 

29  W.  39th  Street,  New  York,  N.  Y. 


If  you  want  the  BEST  Rock  Drill 
Steel  you  must  get  "BULLDOG" 

HOLLOW  and  SOLID 


MOWTCMO  TRAOI   MAHK 


International  Higli  Speed  Steel  Company 

No.  478  Pearl  Street,  New  York 
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GOODRICH 

Conveyor  Belts 

''Best  in  the  Long  Run** 

UST  as  Goodrich  Tires  have 
a  world-wide  fame  for  being 
the  **best  in  the  long  run"  so  also  have 
the  Goodrich  Conveyor  Belts  estab- 
lished their  claim  to  the  use  of  this  appropriate  motto. 
Goodrich  Conveyor  Belts  run  the  longest. 
This  means  longest  life.  Isn't  that  what  you  want  ? 
Try  our  *'Longlife"  Brand  for  your  next  belt. 
"Best  in  the  long  run"— "LONG-LIFE" 

The  B.  F.  Goodrich  Company 


Largest  in  the  world 


AKRON,  OHIO 


The  Roessler  &  Hasslacher 
Chemical  Company 

Work.  100  William  Street 

PERTH  AMBOY,  NEW  JERSEY  NEW  YORK 


'"Ot  r*^ 


Cyanide  9&-99ro 

(Old  standard)  39  %  Cyanogen^ 

Cyanide  of  Sodium  i28-i3o% 

(New  standard)  52%  Cyanogen^ 
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Niining  Transits  and  Levels 

The  '^ Buff''  is  the  simpleflt  inatrument  to 
take  apart  in  the  field — for  lubricating 
centers  or  clenning. 

Send  for  Catalog  No.  33 

BUFF  &  BUFF  MFG.  COMPANY 

Jamaica  Plain  Station,  MASS. 


Diamond   Drills 

Machines  of  all  Capacities 

Product  of  over  35  years'  Experience 

Take  out  a  Solid  Core 

Bore  at  Any  Angle 

American  Diamond  Rock  Drill  Co. 

90  WEST  STREET  NEW  YORK 

Send  for  Catalog  96  M 


ACCURACY  IN  MEASUREMENTS 

ia  beat  obtained  through  the  uae  of 

fUFMFN 


Ik 


MEASURING  TAPES 

^  The  more  aevere  the  teat,  the  better  their  ahowing. 
For  aale  by  all  dealera.    Send  for  Catalogue. 

W£^£mffj/fULEQo.  «^«/*^'«'  */c//  u.  s.  A. 

LONDON,  CNO.  WINDSOR,  CAN. 


NEW  YORK 


CONVEYOR  BELTING 

YOU    WILL  GET   LONG.    HARD   SCRVICC   OUT  OP  OUR    BCLTINO,    BCCAUeC 
WC    PUT  SO    MUCH    QUALITY    INTO    IT. 

RIDGWAY'S    HINGC    CDOC    BELT   FOR   TROUGH    CONVEYING   IS    MADE    BY 
US    EXCLUSIVELY. 

WE     ALSO     MAKE     BELTING     FOR     BUCKET     CONVEYORS,    AND     REGULAR 
STYLES   OF  CONVEYOfI   BELTING. 

Write  for  deacriptive  matter,  pricea,  etc. 

QUAKER    CITY    RUBBER    COMPANY 

Philadelphia        Chicago         Pittsburgh  pig.,.^|^ew  York{( 


Advertisements. 


BEER.  SONDHEIMER  &  CO. 

Fran kfort-on- Main,  Germany 

NEW   TORK   OFFICE       -       -       42  BROADWAY 

Zinc  Ores,  Carbonates,  Sulphides  and  Mixed  Ores,  Copper  Ores, 
Copper  Matte,  Copper  Bullion,  Lead  Bullion,  Lead  Ores,  Antimony 
Ores,  Iron  and  Manganese  Ores,  Copper,  Spelter,  Antimony,  Anti- 
monial  Lead,  Sulphate  of  Copper,  Arsenic,  Zinc  Dust. 

Own  Smeltinsr  and  Befininsr  Works 


L  VOGELSTEIN  &  CO. 

42BroMlwa7  NEW  YORK  . 

BUYERS,  SMELTERS 
AND  REFINERS  OF 

Ores  and  Metals  of  All  Glasses 

Affents  for: 
Aron  Hiricb  ft  8obn,  Halberatadt,  Qermany. 

United  States  Metale  Refininar  Co^  Chrome,  N.  J.  and  Qraaaelli,  Ind. 
American  Zinc,  Lead  ft  Smelting  Co.,  Caney  and  Dearing,  Kansas. 
Kansas  Zinc  Co.,  La  Harpe,  Kansas. 
The  Electrolytic  Refining  ft  Smelting  Co.  of  Australia,  Ltd.,  Port  Kembla,  N.  S.  W. 


■-P, 


~u 


1 


Chicago-Rawhide 
'>%^  Pinions 

t-;T,    ;.-rz:t{.-  ^  The  beat  that  aelectea  materiel  and  careful 

W'L:  :_:_'L_:rT:^  "  'LJ  workmanship  can  produce 

The  Chicago  Rawhide  Mfg.  Co. 

1301  ElsUm  Avenue  CHICAGO,  ILL. 


A  Dnrablft  Metal  Coating  for  all  Metallic  Surfaces 

SEMPLE'S  BI^CK  OXIDE  PAINT 
LASTS  FROM  6  TO  10  YEARS 

Air,  acid  and  water  proof.  Sulphur  water  does  not  feaze  it.  Kills  rust 
already  formed  and  prevents  rust  formation.  Dries  readily  when  applied 
to  dry  or  wet  surfaces  and  will  not  run  when  surface  is  frosty.  Bakes 
fast  to  hot  sucks. 

PRICE  $1.00  PER  GALLON. 

Manufactured  by 

Baubiiebed  1870.  F.  G.  SEMPLE,  South  Bethlehem,  Pa. 

^^^^  Digitized  by  Google 
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MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALUS-CHALMERS  COMPANY 

Milwauk««,  Wisconsin. 

MINING   MACHINERY  of  Every  Type.    Complete 
Power  and  Electrical  Equipments. 


CORE 
DRILLS 


AMERICAN  DIAMOND  ROCK  DRILL  CO. 

90  Woat  St..  Now  York 

DIAMOND    DRILLS,    Machines    of   all    capacities. 
Take  out  solid  core.    Bore  at  any  angle. 


ANSON  G.  BEnS 

NEW 

Troy,  N.Y. 

Electrolytic    Lead    Refining;      Zinc    Recovery    from 

PROCESSES 

Complex  Ores;      Laboratories  for  Metallurgical  Re- 

search. 

BUCKEYE  ENGINE  CO. 

BUCKEYE 

Salom,  Ohio. 

STEAM 
ENGINES 

Buckeye  Engines  are  reliable  because  of  the  simplicity 
of  design  and  ease  with  which  they  are  operated  in 
either  connected  or  belted  service.    When  in  need  of 

power  write  us. 

PUMPS 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  Now  York. 

CAMERON  VERTICAL  PLUNGER  SINKING 
PUMPS,  for  shaft  sinking.  CAMERON  HORIZON- 
TAL PLUNGER  STATION  PUMPS,  for  handling 
gritty  water. 


AIR 

I 
COM  PRESSORS  I 

PNEUMATIC      I 

TOOLS  AND 

APPLIANCES 


CHICAGO  PNEUMATIC  TOOL  CO. 

Chloago.  Now  York. 

London. 

AIR  COMPRESSORS,  ROCK  DRILLS,  HAMMER 
DRILLS,  PNEUMATIC  HAMMERS,  ELECTRIC 
and  PNEUMATIC  DRILLS  and  APPLIANCES. 
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THE  CHICAGO  RAWHIDE  MFG.  CO. 

t30t  Elston  Avo.,  Chicago,  III. 

BELTING,   Lmce   Leather,  Rawhide   Rope,  Rawhide 

Mallets  and  Hammers,  Hydraulic  Packing. 

WB    ORIGINATED    THE    RAWHIDE    PINION. 


MECHANICAL 

LEATHER 
SPECIALTIES 


CHROME  STEEL  WORKS 

Chroms,  N.J. 

SHOES 

AND 

Stamp    MiUs.     CANDA    SELF- LOCKING    CAMS; 

TAPPETS;  BOSSHEADS;  CAM  SHAFTS;  STAMP 

DIES 

STEMS. 

THE  DEANE  STEAM  PUMP  CO. 

116  Broadway,  Now  York. 

POWER  PUMPS 

Works:  Holyoko,  Mass. 

POWER    PUMPING     MACHINERY,    GENERAL 

CONDENSERS 

SERVICE  STEAM  PUMPS. 

THE  DENVER  FIRE  CLAY  CO. 

Donvor,  Colo.  Satt  Lako  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIFIERS,  Muffles,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  Cata- 
logue. 


ASSAY ERS 

AND 
CHEMISTS 
SUPPLIES 


DENVER  ROCK  DRILL  &  MACHINERY  CO. 

Donvor,  Colo. 
PUMPING     MACHINERY,     BOILERS    and    EN- 
GINES, GASOLINE;  ENGINES,  MINING  MACHI- 
NERY,  COMPLETE  POWER  PLANTS. 


ROCK   DRILLS 

AIR 

COMPRESSORS 

HOISTS 

ETC. 


GENERAL  ELECTRIC  CO. 

Sohenootady,  Nl  Y. 

ELECTRIC  MINE  LOCOMOTIVES.     ELECTRIC 
MOTORS  for  Operating  Mining  Machinery. 


ELECTRIC 

MINE 

LOCOMOTIVES 
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ELECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


GOODMAN  MANUFACTURING  CO. 

Chicago,  Illinois. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


CONVEYOR 
BELTS 


THE  B.  F.  GOODRICH  CO. 

Akron,  Ohio. 

Goodrich  "Longlifc"  "Economy"  &  "Grainb«lt"  CON- 
VEYOR BELTS  will  handle  more  tons  per  dollar  of 
cost  than  any  other  belts  made. 


PERFORATED 
METALS 


HARRINGTON  &  KING  PERFORATING  CO. 

621  North  Union  St.,  Now  York  Offloo : 

Chioago,  Mi.,  U.  S.  A.  114  Liberty  St. 

Manufacturers  of  Perforated  Metal  Mining  Screens  of 
every  description »  and  for  screens  of  all  kinds. 

See  advertisement  on  page  4. 


SPELTER 

SHEET  ZINC 

SULPHURIC 
ACID 


ILLINOIS  ZINC  CO. 

Poru,  III. 

Manufacturers  of   SPELTER,    SHEET    ZINC    and 
SULPHURIC   ACID. 


COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  Now  York. 

«Retum-Air"  Pumps,  Coal  Shearers,  Pneumatic  Hoisu, 
••Electric-Air"  Drills,  Coal  Punchers,  Pneumatic  Tools, 
••Calyx"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


ROCK 
DRILL    STEEL 

HOLLOW 
SOLID 


INTERNATIONAL  HIQH  SPEED  STEEL  CO. 

Nsw  York  City. 
Sole    Importers   ot   the    Celebrated   ••BULLDOG" 
BRAND   HOLLOW   AND    SOLID   ROCK  DRILL 
STEEL. 
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ISBELL  MINING  MACHINERY  CO. 

Los  Angolos,  Cal. 

Manufacturart  of  the  ISBELL  UNIVERSAL  CON- 
CBNTRATOR.    Write  for  further  information. 


ISBELL 
CONCENTRATOR 


THE  JEFFREY  MFG.  CO. 

Columbua,  Ohio. 

COAL 

Electric  and  Air  Power  €:oal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Conveyors,  Pans,  Hoists, 
Pumps,  etc. 

MINING 
MACHIN.ERY 

LEAD  LINED  IRON  PIPE  CO. 

Walcaflold,  Mass. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — for  Acids  and  Corrosive  Waters. 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 


A.  LESCHEN  &  SONS  ROPE  CO. 

IX  BDUVm  M  TBABS 

llMrT«fc  CliMt*  8t.  Louis,  Mo.  ^^mmt  9 
Producing  WIRE  ROPE  of  qualities  and  construction 
adapted  to  eveiy  condition  of  wire  rope  service,  includ- 
ing the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  constructions.  Systems  of  Aerial 
Wire  Rope  Tramways  for  the  economical  transportation 
of  any  material. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


MACOMBER  &  WHYTE  ROPE  CO. 


NewTofflc 


Chicago,  III. 
Plttobary        Kanam  City 


Portland 


Manufacturers  of  High  Grade  Wire  and  Wire  Rope  for 
every  purpose.  Sole  makers  of  Patent  Kilindo  Non- 
rotating,  •« Monarch"  and  MacWhyte  Wire  Ropes. 
LawBon  Looped  Section  Tramways. 


WIRE   ROPES 

AERIAL 
WIRE  ROPE 
TRAMWAYS 

BLOCKS   FOR 
WIRE  ROPE 


MASHEK  ENGINEERING  CO. 

90  Wost  St.,  Now  York. 
Complete  plant  equipments  4,  8,  x6  and  35  tons  of  s  to 
3  OS.  smokeless  and  odorless  briquettes  per  hoiur.   Com- 
plete plants  designed  and  erected. 


BRIQUETTING 
MACHINERY 


(17) 


Digitized  by 


Google 


A  DIRECTORY  OF  MINING  AND 


ELECTRICAL 

COAL 

MINING 

MACHINERY 


MORGAN-GARDNER  ELECTRIC  CO. 

Chicago,  III. 
ELECTRICAL     COAL     MINING    MACHINERY, 
ELECTRIC  MINE   LOCOMOTIVES,  DYNAMOS, 
SWITCH  BOARDS  and  MINE  SUPPLIES. 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 


OTIS  ELEVATOR  COMPANY 

Elevonth  Av«.  and  Twanty- Sixth  St.,  Naw  Yark. 

OFFICES   IN  ALL  PRINCIPAL  CITIES  OF  TNE  WORLD. 

Build  and  erect  all  types  of  Freight  and  Passenger  Ble> 
vators — for  all  kinds  of  power; — including  Furnace 
Hoists,  Inclined  Railways,  and  Special  Hoisting  Equip- 
ments and  Machines  for  Mining  use.  Correspondence 
invited. 


CONVEYOR 
BELTING 


QUAKER  CITY  RUBBER  COMPANY 

Phlladalphla,  Pa. 

We  are  the  sole  manufacturers  of  Ridgway  patented 
Hinge  Edge  Belt  for  trough  conveying.  We  also  manu- 
facture regular  styles  of  Conveyor  Belt.  Belting  for 
Bucket  Elevators  a  specialty.  Tell  us  your  belting 
problems. 


ROBINS 

BELT 

CONVEYORS 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Park  Raw,  Naw  York. 

Messiter  ORE  BEDDING  Systems— FURNACE 
FEEDERS;  SORTING  BELTS,  and  many  other 
special  applications  of  what  was  the  Pioneer  and  is  the 
Sundard  Belt  Conve}ror;  Coal  Handling  Sjrstems; 
Electric  Locomotives;  Hoisting  Machinery. 


WIRE 
ROPE 


JOHN  A.  ROEBLING'S  SONS  CO. 

Tranton,  N.J. 

WIRE  ROPE  for  mining  work.   Stock  shipments  from 
agencies  and  branches  throughout  the  country. 


POSITIVE 

PRESSURE 

BLOWERS 

VACUUM  AND 
ROTARY  PUMPC 

GAS 
EXHAUSTERS 


P.  H.  &  F.  M.  ROOTS  CO. 

Connaravilla,  Ind. 
Manufacturers  of  the  Roots  Positiva  Pressure  Blowers 
for  Smelting,   Foundry  and  Filtration  Work.    Write 
for  Catalogue. 
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F.  G.  SEMPLE 

South    Bothi«h«m,  Pa. 
Mmnufacturerof  SBMPLE'S  BLACK  OXIDE  PAINT. 
A  DURABLE  metal  coating  for  all  metallic  surfaces. 
Price  $x.oo  per  gallon. 


SEMPLE'S 
BLACK 
OXIDE 
PAINT 


STURTEVANT  MILL  CO. 

Beaton,  Maaa. 

STURTEVANT  Steel  Plate  Crushers,  Balanced  Rolls, 
Ring-Roll  Pulverizers,  Newaygo  Screens,  Laboratory 
Crushers,  Rolls  and  Screens. 


CRUSHING 

GRINDING 

SCREENING 

MACHINERY 


SULLIVAN  MACHINERY  CO. 

Railway  Exohanga,  Chicago,  III. 

Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Pans. 


ROCK   DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


VULCAN  IRON  WORKS 

Wllkaa-Barra,  Pa. 

Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Hoist- 
ing and  Haulage  Engines,  Mining  Machinery,  etc. 
Nicholson  Device  for  Prevention  of  Overwinding. 


MINE 
HOISTS 


WESTINGHOUSE  ELECTRIC  &  MFG.  CO. 

PIttabMrg.  Pa. 

ELECTRIC 

The  Westinghouse  EQUALIZER  HOISTING  SYS- 

HOISTS 

TEM  will  solve  your  hoisting  problems. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Wavarly  Park,  Newark,  N.J. 

Weston  Eclipse  AMMETERS,  MILLIAMMETERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 


AMMETERS 

AND 

VOLTMETERS 
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ALDRID8E,  WALTER  H. 

Consulting  Mininrand 
Metallurgical  Engineer 

604  Central  Bldg.    LOS  ANGELES,  GAL. 


ARM8TEAD,  Henry  Howell 
Consulting  Engineer 

29  Broadway 

NEW  YORK 

Apartado  65,  Guanajuato,  Mexico 


COULDREY,  PAUL  S. 

Mining  Engineer 

General  Superintendent 
CsKxo  DB  Pasco  Minimg  Co. 

CERRO  de  PASCO,  PERU 
SOUTH  AMERICA 


BEATTY,  A.  CHESTER 

Consulting  Mining  Engineer, 

71  Broadway, 

NEW  YORK,  N.  Y. 

Cd>leAc]diai: 

Granitic. 


6ARZA-ALDAPE,  J.  M. 

Mining  and  Metallurgical  Engineer 

Bkpobts  on  Mexican  Minbb 

Address  :  Calle  de  Rodriguez  No.  5 
(P.  O.  Box  No.  225) 

T0RRe6n—C0AHUILA— MEXICO 


6REENE,  FRED  T. 

BUrer  Bow  dub.        BUTTE.  MOMT. 


BREWER,  WM.  M. 

OanmOHmg  Miming  JBngin0m> 

mnd  €t99imgUtt 

P.  O.  Box  701,  YICTOBU,  B.  0. 

Connected  with  the  Tyee  Copper  Co.,  Ltd. 


BURCH,  H.  KENYON 


Heehanleal  and  HetaUnrgleal  Engineer 
Consnltatlona 
SailiSM,  Ciatral  BeOlfaw.  LOS  ANGELES,  CAL 

Deelvner  and  Builder  of 
Power.  Hoisting,  Pumping, 
Cruahln*  and  Mtinwiy  plants. 

SneciftlfriM  Concentration  of  Ores, 
opeciaiues  E^jono^i^  Handling  of  Materials. 


HALL,  EDWIN 

LUSK,  WYOMING 

Mining  Engineer.  Wyoming  Olio 
Copper  a  epeelalty 


CHANNIN6,  J.  PARKE 

Consulting  Engineer, 
43  Broadway,  NEW  YORK. 


HAMMOND,  JOHN  HAYS, 

CoBsnitlng  Engineer, 

71  Broadway,  NEW  YORK. 

CoDxt  B%dfard^McM!L 


TRANSACTIONS   OF  THE 

American  lostttute  of  Mining  Enginacn* 
colubctiye:  indexes 

VoU.  I.  to  XXXV.,  CL,  $5 ;  %  Mor.  $6. 
Vols.  XXXVI.  to  XL.,  CI..  $1.50 :  %  Mor. $8.50. 
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HANKS,  ABBOT  A. 

CheHist  and  Assayer 

Esublished  1866 

Control  and  Ujnpire  AMays,  Sapervi- 
sion  of  Sampling  at  Smelters,  Chemical 
Analyses  of  Ores,  Minerals,  Mineral 
Waters,  etc. 

<30  BMnatito  ft.    Sai  Fnuiolsoo,  Cal. 


KLEPETKO*  FRANK 

Conaultlng  Engineer 
Mining  and  Metallurgy 


42  Broadway 


NEW  YORK 


HARDMAN,  JOHN  E. 

Consulting  Mining  Engineer, 
112  St  James  St 

MONTREAL,  CANADA. 


LAW,  PAUL  W. 

Mining  and  Consulting  Engineer 

Real  del  Monte,    HIDALGO,  MEXICO 
Apartado  No.  8 


HAWXHUR8T,  ROBERT,  Jr. 

Mining  Engineer 

623  Salisbnrj  Hcmse 

LONDON,  E.  C,  EN6LAND 

Cable  Address :— Hawxhukst,  London 
Usual  Codes 


LEDOUX  &  COMPANY 

Assayers  and  Samplers 

99  John  Street,  NEW  YORK 

Independent  Sampling  Works 

New  York  and  Jersej  City 

Bepresentatives  at  all  refineries  and 

smelters  on  Atlantic  seaboard 


HOYLE,  CHARLES 

Mining  Engineer, 

Apartado  8,  El  Oro, 

E8TAD0  DE  MEXICO,  MEXICO. 


LOWE,  HENRY  P. 

Consulting  and  Mining  Engineer, 
CENTRAL  CITY,  COLORADO. 

Bedfoid  McNeill  Code,  **  Lows,  Dsntis." 


JENNINGS,  E.  P. 

Consulting  Mining 
607  Newhonse  Building, 

SALT  LAKE  CITY,  UTAH. 


Mines  Management  Company 

Ceaiultlngr  Hlnlnr  EBglneen 
and  Mine  Hanagen 

60  Broadway  NEW  YORK  CITY 

Brancrbs : 

Lsadsa.  EagiaBd,  28  sad  2f  St  SwtthiM  Lsas 

lkdc».D.F.  ATCMdalCdeSspliciBbn.Nni.48 


Cable  Address : 
"Minmanco" 


Code: 
Bedford-McNeill 


Google 
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MYERS,  DESAIX  B. 

Mitting  Engineer 


321  Stoiy  Building 


LOS  AN8ELE8 


PARKER,  RICHARD  A. 


Censuiting  Mining  Engineer 


929  Foster  Building 


DENVER 


Howard  Poillon  C.  H.  Poikisr 

POILLON  &  POIRIER 

Mining  Englneere 

25  Broad  Street 

NEW  YORK  CITY 


RICHARDS,  ROBERT  H. 

Ore  J>re99Ukff 

MMsachusetta  laetltute  of  Tacbaolofy 

BOSTON,  MASS. 


RIORDAN,  D.  M. 

Mini&i  InvcsdcatioBS  especially  caKfnlly 

made  for  ret|MiMible  iatendlng  investors. 

City  InvMtlne  Bld|.,  ie5  Broaimiy,  N«»  YoHl 


SPILSBURY,  E.  6YBB0N, 

Consulting,  CItU,  Mining 
and  Metallurgical  Engineer, 

45  Broadway,  NEW  YORK. 

Cable  AddBBBB :  •' apUroe/f  New  YorU. 


SYMINES,  WHITMAN 

Mining  Engineer 

VIROiNIA  CITY,  NEVADA 

Supt.  United  Comstock  Pumping  Assn. 
Supt  Mexican  Mine,  Union  Mine,  etc. 


REVETT,  BEN  STANLEY 

Mining  Engineer 

Alujvial  Mining 

AND  Installations 
BRECKENRID8E,  COLORADO 
CakU:  "Dredger" 
€oa«:  Bedford-McNeil 


RICKETTS  &  BANKS, 

60  Maiden  Lane,  New  York, 

Mining,  Metallnrglcal  and 

Clieniioal  Englneere, 

Exmninadon  of  Properties.  Testing  of  Ores 
for  Best  Process  of  Treatment.  Consultation 
in  Mining,  Metallurgical  and  Milling  PracUcc. 


TREDWELL,  WILBUR 


Mining  Engineer 


PHtENIX,  ARIZONA 


WEED,  M.  B. 
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Affiliated  Student  Societies. 

Any  society  of  undergraduates  at  a  technical  school,  comprising 
students  in  any  branch  of  engineering,  metallurjgy,  chemistry,  geol- 
ogy, etc.,  may  be  recognized  by  the  Council  in  its  discretion  as  an 
Affiliated  Student  Society.  A  circular  giving  details  of  the  plan  of 
affiliation  may  be  obtained  on  application  to  the  office  of  the  Sec- 
retary of  the  Institute. 

The  following  societies  have  been  placed  by  authority  of  the 
Council  on  the  above  list : 

Affiliated  Student  Societies. 

The  MiniDg  Society  of  the  Sheffield  Scientific  School,  Yale  Univenity,  New 
Haven,  Conn.     FrmderUf  Karl  G.  Stadtmiller ;  Secretary^  S.  B.  Qordy. 

The  University  of  Illinois  Student  Branch  of  the  American  Institute  of  Mining 
Engineers,  Champaign,  II L    PregiderUf  Leonard  V.  Newton  ;  Secretary ^  L.  W.  Swett. 

The  Engineering  Society  of  the  University  of  Nevada,  Beno,  Nev.  Prestdrnt^ 
D.  £.  Bruce ;  Secretary y  B.  M.  Seaton. 

The  University  of  Wisconsin  Mining  Cluh,  Madison,  Wis.  Presidentf  Rudolph 
J.  Stengl ;  Secretary,  Mack  C.  Lake. 

The  Mining  and  Geological  Society  of  Lehleh  University,  South  Bethlehem, 
Pa.     Fregident,  Willis  B.  Clemmitt ;  Secretary,  W.  Clifford  Rehfuss. 

The  School  of  Mines  Society  of  the  University  of  Minnesota,  Minneapolis, 
Minn.     PregiderU,  Emory  P.  Baker. 

The  Mining  Engineering  Society  of  the  Massachusetts  Institute  of  Technology. 
Pregidcnt,  L.  B.  Duke ;  Secretary,  Lionel  H.  Lehmaier. 

The  Student  Auxiliary  Society  of  the  American  Institute  of  Minine  Enrineen 
of  the  University  of  Kansas,  Lawrence,  Kan.  President,  A.  H.  Afimgelsdorf ; 
Secretary,  C.  J.  Hainbach. 

The  AsBOolated  Miners  of  the  University  of  Idaho,  Moscow,  Idaho.  PresidaU, 
James  W.  Gwinn  ;  Secretary,  J.  Wallace  Strohecker. 

The  State  College  of  Washington  Mining  and  Geological  Society,  Pullman, 
Wash.    Prendent,  H.  E  Doelle ;  Secretary,  B.  R.  Kinney. 

The  Tejas  Technical  Society,  School  of  Mines,  University  of  Texas.  Presi' 
dent,  G.  C.  Cartwright ;  Secretary,  David  S.  AJley. 

The  Ohio  State  University  Student  Branch  of  the  American  Institute  of  Mining 
Engineers,  Columbus,  Ohio.     President,  Hugh  B.  Lee ;  Secretary,  £.  P.  Elliott. 

The  Stanford  Geology  and  Mining  Society,  Stanford  University,  Oal.  PreMeni^ 
B.  E.  Parsons ;  Secretary,  E.  D.  Nolan. 

The  Senior  Mining  Society  of  Columbia  University,  New  York,  N.  Y.  Prendent^ 
Roger  L.  Strobel ;  Secretary,  Clark  Q.  Mitchell. 

Mining  Association  of  the  University  of  California,  Berkeley,  CaL  iVesi- 
dent,  Frank  L.  Wilson ;  Secretary,  Stanley  L.  A  mot. 

Tufts  College  Chemical  Society,  Tufto  College,  Mass.  President,  P.  Q.  Savage ; 
Secretary,  W.  S.  Frost. 

University  of  Washington  Mining  Society,  Seattle,  Wash.  President^  Horace 
H.  Crary ;  Secretary^  Clinton  R.  Lewis. 

Student  Branch  of  the  American  Institute  of  Mining  Engineers,  Iowa  State 
College,  Ames,  Iowa.     President,  M.  B.  Hadley  ;  Secretary,  R.  L.  Hurst. 

Missouri  Mining  Association  of  the  Missouri  School  of  Mines,  Rolla,  Mo. 
President,  D.  L.  Forrester ;  Secretary,  J.  S.  Irwin. 

The  Pick  and  Shovel  Club  of  the  Case  School  of  Applied  Science,  Cleveland, 
Ohio.     President,  L.  B.  Riddle ;  Secretary,  S.  C.  Stillwagon. 

Colorado  School  of  Mines  Scientific  Society,  Golden,  Colo.  President^  Alan 
Kissock ;  Secretary,  Greorge  Wilfley. 

Mining  Engineering  Society  of  the  University  of  Arizona,  Tucson,  Ariz.  IVai- 
dent,  James  J.  Flanigan ;  Secretary,  H.  O.  Coles. 

Kentucky  Mining  Society,  College  of  Mines  and  Metallurgy,  University  of  Ken- 
tucky, Lexington,  Ky.     President,  W.  E.  Hobson ;  Secretary,  L.  V.  Martm.      j 
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INSTITUTE  ANNOUNCEMENTS. 

Special  Notice. 

The  BvJletin  is  now  entered  at  the  Post  Office  at  Second-Class 
Postage  rate  of  one  cent  per  ponnd,  and  in  order  to  preserve  this 
privilege  it  is  necessary  that  the  dues  of  members  be  paid  within  four 
months  of  January  1  of  each  vear.  If  the  dues  are  not  paid  within 
the  period  mentioned,  a  member^s  name  must  be  removed  from  the 
regular  subscription-list  and  the  Bulletin  mailed  at  the  transient 
second-class  postage  rate  of  one  cent  for  each  four  ounces  or  fraction 
thereof,  prepaid  by  stamps  affixed.  It  is  therefore  earnestly  re- 
quested that  dues  be  paid  promptly — otherwise  the  Institute  will 
De  put  to  additional  expense  of  postage  and  to  added  labor  in  re- 
moving and  replacing  names  from  the  regular  list,  and  in  maintain- 
ing an  additional  separate  mailing-list. 


Nominating  Committee. 

At  the  meeting  of  the  Council,  June  28,  1912,  the  President  an- 
nounced the  appointment  of  the  following  Nominating  Committee 
to  present  names  for  officers  of  the  Institute  to  be  voted  upon  at  the 
Annual  Business  Meeting,  Feb.  18, 1913. 

Philip  N.  Moore,  St.  Louis,  Mo.,  Chairman, 

John  Birkinbine,  Philadelphia,  Pa. 

David  W.  Brunton,  Denver,  Colo. 

Seelev  W.  Mudd,  Los  Angeles,  Cal. 

Charles  P.  Perin,  New  York,  N.  Y. 

Arthur  L.  Walker,  New  York,  N.  Y. 


A  New  Volume  on  Ore-Deposits. 

Ore-Deposits — a  continiicUion  of  the  "  Posepny  "  Volume, 

Comprising  Papers  Descriptive  of  Ore-Deposits  and  Discussions  of 
Their  Origin,  Edited,  with  an  Introduction,  by  Dr.  S.  F.  Emmons. 
The  volume  contains  also  a  Biographical  Notice  of  Dr.  Emmons  by 
his  associate  and  friend.  Dr.  George  P.  Becker,  and  a  comprehensive 
Bibliographical  Index  of  the  Science  of  Ore-Deposits,  prepared  by 
Prof.  John  D.  Irving,  of  the  Sheffield  Scientific  School  of  Yale  Uni- 
versity. Dr.  Emmons  had  finished  his  editorial  work  and  written 
his  Introduction  before  his  lamented  death  in  1910  •  and  the  Volume 
contains  his  last  words  upon  the  subject  to  which  he  had  given  the 
work  of  his  life,  and  on  which  he  was  justly  regarded  as  the  foremost 
authority. 

Further  details  concerning  time  of  publication,  price,  etc.,  will 
follow. 
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Adjourned  Annual  Business  Meeting  of  the 
Institute. 

The  Adjourned  Annual  Business  Meeting  of  the  Institute,  called 
for  Oct.  7, 1912,  was  duly  held  at  Institute  Headquarters,  New  York 
City,  President  Kemp  presiding. 

The  amendments  to  the  Constitution,  which  were  presented  for 
acceptance  or  rejection  at  the  convening  of  the  Annual  Business 
Meeting,  Feb.  20,  1912,  and  carried  over  by  vote  for  future  action, 
were  withdrawn  by  the  Chairman  of  the  Committee  of  the  Board  of 
Directors  and  the  Council. 

In  accordance  with  the  Constitutional  requirements,  certain  pro- 
posed amendments  to  the  present  Constitution  and  By-Laws  of  the 
Institute  were  submitted  m  writing  by  Messrs.  C.  R.  Corning  and 
George  C.  Stone.  Certain  proposed  amendments  to  the  Constitution 
were  also  presented  by  Prof.  Joseph  W.  Richards  in  behalf  of  a 
Special  Committee  appointed  by  the  Board  of  Directors  and  the 
Council. 

It  was  voted  to  print  all  of  the  proposed  amendments  and  send 
copies  to  the  membership  at  large  for  information  and  study,  with 
the  view  of  giving,  especially  to  those  residing  in  the  Middle  West, 
an  opportunity  for  an  oral  or  written  discussion  at  the  coming 
meetmg  in  Cleveland.  Oct.  28  to  31,  1912.  These  amendments  will 
be  presented  in  final  form  at  an  adjournment  of  the  present  ad- 
journed Annual  Business  Meeting,  which  was  voted  to  be  called  for 
Tuesday,  Nov.  12, 1912,  at  the  Institute  Headquarters  in  New  York 
City. 

A  communication  was  received  from  members  in  San  Francisco 
and  one  from  those  in  Los  Angeles,  making  certain  recommenda- 
tions. These  communications  will  be  duly  printed  and  sent  to  the 
membership  with  the  proposed  amendments. 

It  was  voted  to  accept  the  report  of  the  Committee  of  Five,  and 
to  discharge  the  Committee  with  thanks. 

It  was  voted  to  order  the  report,  with  its  accompanying  docu- 
ments, to  be  placed  on  file  in  the  archives  of  the  Institute. 

It  was  voted  to  appoint  a  Special  Committee  of  Three  to  draft  a 
plan  for  substituting  one  body  of  management  for  the  present  dual 
management  through  the  Board  of  Directors  and  the  Council.  Prof. 
Joseph  W.  Richards,  Charles  KirchhoflF,  and  Charles  F.  Rand  were 
subsequently  appointed  on  this  Committee. 

The  meeting  adjourned  to  reconvene  on  Tuesday,  Nov.  12,  1912, 
at  10.00  a.m.  in  the  Institute  Headquarters,  New  York  City. 


Cleveland  Meeting. 

As  already  published  in  Announcement,  No.  7,  mailed  to  the 
membership  under  date  of  Sept,  27,  1912,  the  103d  meeting  of 
the  Institute,  for  the  reading  and  discussion  of  professional  papers, 
will  be  held  in  Cleveland,  Ohio,  beginning  Monday  evening, 
October  28, 1912. 

Institute  Headquarters  will  be  established  at  the  recently  com- 
pleted Statler  Hotel,  where  a  bureau  of  information  in  charge  of 
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Mr.  C.  B.  Murray.  Secretary  of  the  Local  Committee,  will  be  main- 
tained. The  early  sessions, will  be  held  in  one  of  the  rooms  of  this 
hotel,  and  the  concluding  session  in  the  Electricity  Building  of  the 
Case  School  of  Applied  Science. 

The  arrangements  for  the  meeting,  apart  from  the  technical  ses- 
sions, are  in  the  hands  of  the  Local  Committee,  Mr.  D.  T.  Croxton, 
Chairman;  Mr.  C.  B.  Murray,  Secretary j  Perry-Payne  Building, 
Cleveland,  Ohio,  to  whom  all  inquiries  concerning  local  matters, 
except  those  referring  to  papers  and  discussions  for  the  technical 
sessions,  should  be  addressed.  The  control  of  the  papers  and  dis- 
cussions will  be  exercised  by  the  President  and  Secretary  of  the 
Council  as  usual. 

In  order  to  facilitate  the  completion  of  the  preliminary  arrange- 
ments for  this  meeting,  members  who  have  not  jret  notified  the  Sec- 
retary's office  of  intention  to  be  present  at  this  meeting,  are  ear- 
nestly requested  to  do  so  as  soon  as  possible,  stating  intention  to  be 
present,  and  giving  the  names  of  accompanying  guests. 

Hotel  Accommodations. 

Hotel  rates  are : 

StcUler  Hotd^  European  plan,  with  shower  bath,  $2  per  day  and 
up ;  with  tub  bath,  $2.50  per  day  and  up.  Extra  person,  $1.50  ad- 
ditional. Rooms  may  be  secured  in  advance  by  correspondence 
direct  with  the  hotel  manager,  Mr.  James  P.  A.  O'Connor,  Statler 
Hotel,  Cleveland,  Ohio. 

Hollenden  Hotel,  European  plan,  $2  per  day  and  up  ;  with  bath, 
$2.50  per  day  and  up. 

Colonial  Hotel,  American  plan,  without  bath,  $3.50  per  day  and 
up  ;  with  bath,  $4  per  day  and  up.  European  plan,  without  bath, 
82  per  day  and  up ;  with  bath,  $2.50  per  day  and  up. 

In  engaging  rooms,  members  or  guests  should  mention  their  con- 
nection with  the  Institute. 


Train  Service. 

No  special  reduction  of  railroad  fares  for  attendance  at  this  meet- 
ing is  practicable,  and  members  will  make  their  own  arrangements 
in  this  respect. 

Committees  : 
Executive:   D.  T.  Croxton,  Chairman;    C.  B.  Murray,  Secretary; 
Wm.  G.  Mather,  Treamrer ;   F.  B.  Richards,  A.  W.  Smith,  S.  T. 
Wellman. 

General  Reception. 
C.  H.  Fulton,      M.  McMurray, 
C.  A.  Grasselli,    S.  Mather, 
H.  C.  Hale,  W.  G.  Mather, 

L.  E.  Holden,      E.  P.  Merrill, 
R.  F.  Jopling,      L.  B.  Miller, 
H.  R.  Kimmell,  C.  B.  Murray. 
G.  F.  Knapp,  '  * 


H.  A.  Barren, 

G.  Bartol, 

H.  H.  Brown, 

W.  N.  Crafts, 

J.  H.  Cremer, 

B.  Crowell, 

D.  T.  Croxton, 

8.  W.  Croxton,    W.  Koehler, 

H.  G.  Dalton,     H.  M.  Lane, 

L.  E.  Dunham,  H.  W.  Lash, 

F.  A.  Emmerton,  I.  H.  Limhe, 


F.  B.  Richards, 
L.  A.  Roby, 
A.  W.  Smith, 
0.  Textor, 
F.  H.  Treat, 
F.  R.  Van  Horn, 


E.  W.  Oglebay,    0.  M.  Weichsel, 

F.  J.  Peck,  S.  T.  Wellman, 
T.  E.  Pierce,        R.  Zeising. 

B.  D.  Quarrie, 
W.  J.  Rattle, 
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Program. 

Details  of  the  technical  sessions  of  the  meeting,  and  visits  to 
points  of  engineering  and  scenic  interest,  will  be  given  in  the  pro- 
gram of  the  Local  Committee,  which  will  be  furnished,  together 
with  an  identification  badge,  to  every  member  or  guest  upon  regis- 
tration at  Headquarters  in  the  Statler  Hotel. 

Members  wishing  to  visit  during  the  week  any  individual  plant 
or  work  in  Cleveland  or  vicinity  will  be  assisted  to  do  so  bv  means 
of  suitable  introductions  and  guidance  upon  notice  given  by  them 
in  advance  to  Mr.  C.  B.  Murray. 

The  following  provisional  program  has  been  arranged,  subject  to 
possible  but  not  probable  change  by  the  Local  Committee : 

Monday,  October  28,  1912. 

Afternoon :  Registration  at  Headquarters,  Statler  Hotel. 
8.16  p.m. — Informal  Social  Meeting  at  Headquarters. 

Tuesday,  October  29,  1912. 

10.00  a.m. — Technical  Session,  )  w  f  i 

2.00  p.m.— Technical  Session,  [■  gT^ 

Evening. — Informal  Smoker  and  Popular  Addresses,  )  ^"^"®^- 

Wednesday,  October  30, 1912. 

10.00  a.m. — Technical  Session  at  Statler  Hotel. 
Afternoon. — Trip. 

7.30  p.m. — Subscription  Banquet,  members  and  guests,  including 
ladies 

Thursday,  October  31,  1912. 

10.00  a.m. — Technical  Session  at  Case  School  of  Applied  Science. 
Afternoon. — Trip. 
Evening. — Unassigned. 

Papers  Announced, 

While  some  of  the  papers  on  the  following  list  will  necessarily  be 
"  read  by  title  ^  only,  it  is  hoped  that  most  of  them  will  be  pre- 
sented by  their  authors.  However,  for  the  purpose  of  discussion,  in 
the  absence  of  the  author,  any  paper  may  be  called  for  presenta- 
tion in  oral  abstract. 

Printed  copies  of  many  of  these  papers  will  be  on  hand  at  the 
sessions.  Authors  intending  to  be  present  and  desiring  to  have 
time  assigned  to  them  are  requested  to  notify  Dr.  Struthers,  in 
writing,  immediately.  In  the  absence  of  such  prompt  notice,  the 
desired  assignment  of  time  cannot  be  definitely  promised. 

Members  desiring  to  see  any  of  these  papers  for  the  purpose  of 
discussion  at  the  meeting,  are  requested  to  communicate  with  Dr. 
Struthers,  who  will  forward  in  reply  advance  copies  of  the  desired 
papers,  if  they  are  in  print,  or  will  give  opportunity  during  the 
meeting  for  an  inspection  of  the  manuKcripts. 
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Method  of  Surveying  and  Sampling  Diamond-Drill  Holes,  by 
E.  E.  White,  Ishpeming,  Mich. 

Cuyuna  Iron-Ore  Range,  by   Walter  A.  Barrows,  Jr.,  Duluth, 
Minn.,  and  Carl  Zapffe,  Brainerd,  Minn. 
*  The  Manufacture  of  Coke,  by  W.  H.  Blauvelt,  Syracuse,  N.  Y. 

The  Manufacture  of  Coke,  by  F.  E.  Lucas,  Sydney,  C.  B. 

Notes  on  RufiPs  Carbon-Iron  Equilibrium  Diagram,  by  Henry  M. 
Howe,  New  York,  N.  Y. 

The  Utility  of  Efficiency-Records  in  the  Manufacture  of  Iron,  by 
John  J.  Porter,  Staunton,  Va. 

The  Fuel-Efficiency  of  the  Cupola-Furnace,  by  John  J.  Porter, 
Staunton,  Va. 

Blowing-In  of  Blast-Furnaces,  by  Ralph  H.  Sweetser,  Colum- 
bus, 0. 

On  Blast-Furnace  Air-Pressures,  by  J.  E.  Johnson,  Jr.,  Ashland> 
Wis. 

Notes  on  Titanium,  and  the  Cleansing  EfiTect  of  Titanium  on  Cast- 
iron,  by  Bradley  Stoughton,  New  York,  N.  Y. 

N.  M.  WittorflPs  Preliminary  Investigation  of  Primary  Crystalliza- 
tion and  Subsequent  Physico-Chemical  Permutations  in  Iron-Carbon 
Alloys  Containing  More  than  4  Per  Cent,  of  Carbon,  by  Bradley 
Stoughton  and  Simon  Marcus,  New  York,  N.  Y. 

Microstructure  of  Iron  and  Steel,  by  William  Campbell,  New 
York,N.Y.  '     ^ 

♦Recent  Developments  in  Open-Hearth  Steel  Practice,  by  N.  E. 
Maccallum,  Phoenixville,  Pa. 

The  Heat-Treatment  of  Steel-Castings,  by  C.  D.  Young,  Rolla,  Mo. 

Note  on  the  Case-Hardening  of  Special  Steels,  by  Albert  Sauveur 
and  6.  A.  Reinhardt,  Cambridge,  Mass. 

The  Action  of  Various  Commercial  Carbonizing  Materials,  by 
Robert  R.  Abbott,  Cleveland,  Ohio. 

♦Measurements  and  Relations  of  Hardness  and  Depth  of  Carbon- 
ization in  Case-Hardened  Steel,  bv  Mark  A.  Ammon,  Cleveland, 
Ohio. 

*The  Effect  of  Alumina  in  Blast-Furnace  Slags,  by  J.  E.  Johnson, 
Jr.,  Ashland,  Wis. 

Quality  of  Charcoal  Iron,  by  J.  E.  Johnson,  Jr.,  Ashland,  Wis. 

*A  Titaniferous  Iron-Ore  Deposit  in  Boulder  County,  Colo.,  by 
E.  P.  Jennings,  Salt  Lake  City,  Utah. 

*The  Ta-yeh  Iron-Ore  Deposits,  Hu-pei  Province,  China,  by  C. 
M.  Weld,  Low  Moor,  Va. 

*Clinton  Iron-Ore  Deposits  in  Kentucky  and  Tennessee,  by  S. 
Whinery,  New  York,  N.  Y. 

Concentration  of  Iron-Ores,  by  N.  V.  Hansell,  New  York,  N.  Y. 

Recent  Developments  in  the  Inspection  of  Steel  Rails,  by  Robert 
W.  Hunt,  Chicago,  111. 

*  Published  in  this  number  of  the  Bulletin, 
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fElectric  Heating  and  Removal  of  Phosphorus  from  Iron,  by  A. 
E.  Greene,  Chicago,  111. 

fThe  Function  of  Slag  in  Electric  Steel-Refining,  by  R.  Amberg, 
Pittsburg,  Pa. 

fThe  Fuel-Efficiency  of  the  Cupola-Furnace,  by  John  J.  Porter, 
Staunton,  Va. 

Melting  Iron  in  the  Cupola-Furnace,  by  R.  Moldenke,  Watchung? 
N.  J. 

General  Subjects. 

*Centrifugal  Machines  for  Ore  Grading  and  Ore-Concentrating,  by 
Godfrey  T.  Vivian,  Cornwall,  England. 

*The  St.  Helens  Mining  District,  Skamania,  Wash.,  by  Horace 
V.  Winchell,  Minneapolis,  Minn. 

*Mine-Fires  in  Metalliferous  Mines,  by  George  J.  Young,  Reno, 
Nev. 

♦Present  Conditions  of  Mining  in  the  District  of  Vladivostok, 
Siberia,  by  Albert  F.  J.  Bordeaux,  Vladivostok,  Siberia. 

*The  Sampling  of  Gold-Bullion,  by  Frederick  P.  Dewey,  Wash- 
ington, D.  C. 

*An  Experience  in  the  Use  of  Water-Power,  by  C.  M.  Myrick,  San 
Francisco,  Cal. 

*Our  National  Resources  and  Our  Federal  Government,  by  R.  W. 
Raymond,  New  York,  N.  Y. 

The  Wood  Flotation  Process,  by  Henry  E.  Wood,  Denver,  Colo. 

*The  Occurrence  of  Gold  in  the  Eocene  Deposits  of  Texas,  by 

E.  T.  Dumble,  Houston,  Tex. 

A  Graphic  Solution  of  D'Arcy's  Formula  for  the  Transmission  of 
Compressed  Air  in  Pipes,  by  Nathaniel  Herz,  Lead,  S.  D. 

The  Alundun  Extraction-Thimble  Used  in  the  Determination  of 
Copper,  by  L.  W.  Bahney,  New  Haven,  Conn. 

Notes  on  the  Metallography  of  Alloys,  by  William  Campbell,  New 
York,  N.  Y. 

Constitution  and  Melting-Points  of  a  Series  of  Copper-Slags,  by 
Charles  H.  Fulton,  Cleveland,  Ohio. 

The  Ultimate  Source  of  Ores,  by  Blamey  Stevens,  Temascaltapec, 
Mexico. 

Discussion  of  the  paper  of  F.  G.  Cottrell,  Fume-Precipitation,  by 
Richard  Peters,  Jr.,  Barker,  Delaware  Co.,  Pa. 

fNotes  on  Bag- Filtration  Plants,  by  Anton  Filers,  New  York,  N.  Y. 

fDevelopment  of  the  Parkes  Process  in  the  United  States,  by  Ernst 

F.  Eurich,  New  York,  N.  Y. 

tSulphatizing-Roasting  of  Copper-Ores  and  Concentrates,  by  Utley 
Wedge,  Philadelphia,  Pa. 

'    fDevelopment  of  the  American  Water-jacket  Lead  Blast-Fur- 
nace,  by  R.  C.  Canby,  Wallingford,  Conn. 

t  Alloys  of  Cobalt  with  Chromium  and  Other  Metals,  by  Elwood 
Haynes. 

fHeat- Losses  in  Furnaces,  by  F.  A.  J.  Fitzgerald,  Niagara  Fallsj 
N.  Y. 


*  Published  in  this  number  of  the  BuUeiin, 

t  Presented  at  Joint  Meeting  with  Eighth  International  CongresM>f  Applied 
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Iron  and  Steel  Division. 

COMMITTEE. 

CHABiiES  KiBCHHOFF,  Chairman. 

Charles  F.  Rand,  Vice'Chaii'man, 

Bradley  Stocghton,  Secretary,  165  Broadway,  New  York. 

John  Birkinbine,  Robert  W.  Hant,  F.  W.  C.  Schniewind, 

James  Gayleji  Julian  Kennedy,  A.  A.  Stevenson, 

Henry  D.  Hibbard,  Richard  Moldenke,  Felix  A.  Vogel, 

Henry  M.  Howe,  Joseph  W.  Richards,  Leonard  Waldo, 

Charles  K.  Lelth,  Albert  Sauveur,  William  R.  Webster. 

A  complete  list  of  the  iron  and  steel  papers  to  be  presented  at  the 
coming  meeting  of  the  Institute  will  be  found  in  the  announcement, 
printed  elsewhere,  of  the  program  of  the  Cleveland  meeting. 

It  includes  papers  by  E.  P.  Jennings,  on  a  Titaniferous  Iron-Ore 
Deposit  in  Boulder  County,  Colo. ;  by  C.  M.  Weld,  on  the  Ta-yeh 
Deposits  in  China,  and  by  S.  Whinery,  on  Clinton  Deposits  in  Ken- 
tucky and  Tennessee. 

Exploration  is  dealt  with  in  E.  E.  White's  paper  on  the  Method 
of  Surveying  and  Sampling  Diamond-Drill  Holes,  while  the  prep- 
aration of  ores  is  represented  by  N.  V.  Hansell  in  the  Concentra- 
tion of  Iron-Ores. 

W.  H.  Blauvelt  and  P.  E.  Lucas  will  present  papers  on  the  Manu- 
facture of  Coke.  Papers  relating  to  Blast-Furnace  Practice  are 
those  of  J.  E.  Johnson,  Jr.,  on  the  Effect  of  Alumina  in  Blast-Fur- 
nace Slags,  and  on  Charcoal-Iron ;  of  Ralph  H.  Sweetser,  on  the 
Blowing-In  of  Blast-Furnaces,  and  of  John  J.  Porter,  on  the  Utility 
of  EflBciency-Records. 

Cupola-practice  is  represented  by  J.  J.  Porter,  on  Fuel-EflSciency 
of  the  Cupola ;  and  by  R.  Moldenke,  on  Melting  Iron  in  the  Cupola- 
Furnace,  while  Bradley  Stoughton's  Notes  on  Titanium  and  the 
Cleansing-EflFect  of  Titanium  summarizes  the  literature  on  the 
subject  and  records  the  results  of  many  special  experiments. 

Electric  Heating  and  Removal  of  Phosphorus  from  Iron  is  the 
title  of  a  paper  by  A.  E.  Greene, 

Recent  Developments  in  Open-Hearth  Practice,  by  N.  E.  Mac- 
callum;  and  the  Function  of  Slag  in  Electric  Steel-Refining,  by  R. 
Amberg,  enter  the  field  of  the  manufacture  of  steel ;  while  Robert 
W.  Hunt's  Recent  Developments  in  the  Inspection  of  Steel  Rails 
deals  with  one  of  the  most  important  finished  products. 

Developments  in  Metallography  are  brought  forward  by  a  weighty 
paper  by  H.  M.  Howe  on  Notes  on  RufTs  Carbon-Iron  Equilib- 
rium Diagram ;  by  Albert  Sauveur's  and  C.  A.  Reinhardt's  Case- 
Hardening  of  Special  Steels;  and  by  William  Campbell's  Notes 
on  the  Microstructure  of  Steel.  The  latter  applies  particularly  to 
special  steels,  other  phases  of  which  are  dealt  with  by  Robert  R. 
Abbott  in  his  Comparison  of  the  Action  of  Various  Carbonizing 
Materials;  and  by  Mark  A.  Ammon  in  his  Measurements  and 
Relations  of  Hardness  and  Depth  of  Carbonization  in  Case-Hard- 
ened  Steel. 

The  program  is  therefore  a  varied  and  comprehensive  one,  and 
will  oflFer  exceptional  opportunities  for  interesting  and  instructive 
meetings  and  an  animated  discussion. 
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New  York  Local  Section. 

Execviive  Gommittee, 

George  F.  Kunz,  Chairman. 

E.  Gybbon  Spilsbuey,  Vice-Chairman. 

Benjamin  B.  Lawrence. 

Thomas  Robins, 

Louis  D.  Huntoon,  Secretary-Treasurer, 

165  Broadway,  New  York. 

The  first  annual  meeting  of  the  New  York  Local  Section  of  the 
American  Institute  of  Mining  Engineers  was  held  Sept.  19,  1912,  in 
the  Engineering  Societies  Building,  29  West  39th  Street,  New  York, 
N.  Y. 

Colonel  William  M.  Black,  of  the  Corps  of  Engineers,  U.  8.  Army, 
gave  an  illustrated  talk,  entitled,  "The  Story  of  the  Maine,"  from 
the  time  it  entered  Havana  harbor  to  the  time  the  wreck  was  buried 
at  sea.  The  lecture  covered  the  events  immediately  preceding  and 
following  the  destruction  of  the  vessel,  the  determination  of  the 
United  States  government  to  remove  the  wreck  from  the  harbor,  the 
formation  of  the  project,  and  the  engineering  features  connected 
with  the  removal.  A  most  interesting  description  was  given  of  the 
construction  of  the  coffer-dam,  elliptical  in  shape,  built  of  steel 
cylinders.  These  cylinders  were  made  of  narrow  interlocking 
plates  of  steel  in  two  sections,  which  were  driven  into  the  mud  with 
a  pile-driver.  To  draw  the  ends  of  the  cylinders  together,  the  last 
15  plates  were  driven  simultaneously.  After  the  cylinders  were  in 
place,  wings,  consisting  of  interlocking  sheet-piling,  andiinterlockinff 
with  the  cvlinders,  were  sunk  on  the  outside.  The  cylinders  and 
the  space  between  them  and  the  wings  were  then  filled  with  clay, 
making  the  coffer-dam  water-tight.  Colonel  Black  told  of  the  great 
care  exercised  by  the  officers  in  making  a  close  examination  as  tiie 
unwatering  proceeded  and  the  wreck  came  into  view,  and  the  tak- 
ing of  detailed  notes  for  the  report  to  be  submitted  to  the  govern- 
ment. 

The  description  of  other  engineering  details,  such  as  cutting  por- 
tions of  the  wreck  loose  with  acetylene  blow-pipes,  and  loosening 
the  wreck  from  the  mud  by  pumping  water  below  it,  made  the  lec- 
ture most  profitable  and  enjoyable. 

After  the  meeting  the  members  adjourned  to  the  ofiices  of  the 
Institute,  where  refreshments  were  served.  The  attendance  at  the 
meeting  was  150,  and  the  lecture  was  thoroughly  appreciated  by  all. 

Arrangements  have  been  made  for  other  lectures,  followed  by  a 
social  hour  in  the  offices  of  the  Institute,  where  the  members  will 
have  an  opportunity  of  meeting  one  another. 

The  Executive  Committee  desire  to  interest  all  members  in  the 
meetings  and  will  appreciate  suggestions. 

Louis  D.  Huntoon,  Secretary- Treasurer , 

165  Broadway,  New  York,  N.  Y. 
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Joint  Meeting  of  the  Institute  with  Eighth  Inter- 
national Congress  of  Applied  Chemistry. 

The  Institute  joined  forces  with  the  recent  International  Congress 
bv  holding  several  joint  sessions  with  Section  III,  Mining  and  Met- 
allurgy, of  which  Dr.  Joseph  W.  Richards  was  president,  J.  B.  F. 
HerreshofiF,  vice-president,  and  many  other  members  of  the  Institute 
active  participants. 

On  Sept.  (>,  joint  sessions  were  held  in  Schermerhorn  Hall.  Colum- 
bia University,  which  were  numerously  attended,  and  at  which  the 
following  papers  were  read  and  discussed : 

B.  Adam.     Micrographie  des  fontes  speciales  de  fer. 

*  Bradley  Stoughton.  The  Influence  of  Titanium  on  the  Strength  of  Iron 
CastingB. 

t  N.  S.  Maccallum.     Becent  Developments  in  Open- Hearth  Steel-Praetice. 
A.  Ledoff.     Iron  Coke. 

*  £.  P.  Mathewaon.  Development  of  the  Reverberatorj  Furnace  for  Smelting 
Copper  Ores. 

*  F.  Laist     Chemistry  of  the  Reduction  Process  in  Use  at  Anaconda,  Montana. 

*  Utley  Wedge.  Boasting  Copper-Ores  and  Concentrates  Preliminary  to  Leach- 
ing for  Copper-Values. 

t  H.  O.  Hofman  and  M.  Wanjukow.  The  Decomposition  of  Metallic  Sulphates 
at  High  Temperatures  in  a  Current  of  Dry  Air. 

*B.  C.  Canby.   Development  of  the  American  Water-Jacket  Lead  Blast- Furnace. 
F.  Cazin.     The  Evolution  of  the  Modem  Lead  Blast-Fumace. 
F.  Gniterman.     Silver-Lead  Smelting. 

*  E.  F.  Eurich.     Zinc-Desilverization. 

*  A.  Eilers.     Notes  on  Bag- Filtration  Plants. 

A.  S.  Dwight     The  Dwight-Lloyd  Process  of  Boasting  and  Sintering. 
W»  M.  Corse.     Modern  Manganese- Bronze  Tests. 

*  Elwood  Haynes.    The  Allovs  of  Cobalt  with  Chromium  and  Other  Metals. 

*  J.  M.  Camp.  The  Method  of  the  United  States  Steel  Corporation  for  the 
Commercial  Sampling  and  Analysis  of  Pig-iron. 

On  Sept.  7,  a  similar  joint  session  was  held,  with  the  addition  of 
the  Section  Xa,  Electrochemistry,  of  the  Congress  and  members  of 
the  American  Electrochemistry  Society.  The  topic  of  the  session 
was  "  Electric  Furnaces,"  and  the  following  papers  were  read  and 
actively  discussed : 

*  F.  A.  J.  Fitzgerald.     Heat- Losses  in  Furnaces. 

C  fi.  Vom  Baur.     Electric  Induction  and  Resistance  Furnaces. 

*  A.  E.  Greene.     Electric  Heating  and  the  Removal  of  Phosphorus  from  Iron. 

*  R.  Amherg.     The  Function  of  Slag  in  Electric  Steel-Refining. 

A.  Stansfield,  D.  L.  McLeod,  and  J.  W.  McMahon.  The  Electrical  Resistivity 
of  Fire-Bricks  at  High  Temperatures. 

S.  A.  Tucker  and  H.  L.  Read.     Fixation  of  Nitrogen  b^  Alumina  and  Carbon. 
W.  N.  Lacy.     On  the  Electrolytic  Refining  of  Silver- Bismuth  Alloys. 

This  quadruple  joint-meeting  was  held  in  the  large  chemical  lec- 
ture-room of  Havemeyer  Hall,  Columbia  University,  with  an  attend- 
ance so  large  that  *'  standing  room  only  "  was  available  for  late 
comers.  The  discussions  were  lively,  and  the  presence  of  many 
well-known  metallurgists  and  electric-furnace  engineers  from  this 
country  and  abroad  gave  real  international  flavor  to  a  very  success- 
ful meeting. 

The  International  Congress,  in  general  session,  passed  an  official 
vote  of  thanks  to  the  Institute  for  its  co-operation. 

*  To  be  published  later  in  the  BuMetin  of  the  Institute, 
t  Published  in  this  number  of  the  Bvlhiiiu 
t  BulUHn  No.  «9,  Sept.,  1912,  pp.  889  to  943. 
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Library   Research- Work. 

The  attention  of  members  of  the  Institute  is  again  directed  to  the 
research-work  done  by  the  librarian  and  his  assistants,  which  should 
attract  special  attention  from  those  members  who  have  no  access  ta 
the  literature  of  subjects  in  which  they  may  be  interested. 

During  the  year  1911  there  were  143  searches  made  for  members 
and  non-members  of  the  Founder  Societies,  and  copies  of  the  ref- 
erences have  been  preserved  for  the  use  of  others.  This  work  has 
been  largely  based  on  requests  sent  in  by  mail,  from  Japan,  South 
Africa,  Mexico,  Canada,  and  England,  as  well  as  from  different  parts 
of  the  United  States.  The  Librarian  is  confident  that  if  it  were 
more  widely  known  that  the  library  is  equipped  to  undertake  re- 
searches, the  demand  would  increase  beyond  the  ability  of  the 
present  force  to  handle  it.  The  library  receives  more  than  700  tech- 
nical periodicals  which  are  available  through  the  indexes  for  this 
special  purpose. 


Back  Volumes  of  the  Transactions. 

The  Board  of  Directors  has  authorized  the  following  offers  of  sets 
of  back  volumes  of  the  Transdctions^  at  considerably  reduced  prices^ 
to  Members,  Libraries,  and  Scientific  Societies  : 

Per  Set 

I.  Five  volumes,  bound  in  half-morocco,  from  No.  36  (1906) 

to  No.  40  (1910), $20 

II.  Ten  volumes,  bound  in  half-morocco,  from  No.  31  (1902) 

to  No.  40  (1910),  including  Mexican  Volume,    .        .      35 

III.  Twenty  volumes,  bound  in  half-morocco,  from  No.  21 

(1893)  to  No.  40  (1910), 50 

IV.  Thirty  volumes,  bound   in   half-morocco,   from   No.  11 

(1883)  to  No.  40(1910), 60 

V.  Thirty-nine  volumes,  bound  in  half-morocco,  from  No.  1 
(1873)  to  No.  40  (1910),  with  the  exception  of  No.  10 
(1882),  but  including  index  for  Volumes  Nos.  1  to  35, 

and  Nos.  36  to  40, 75 

VI.  Nine  volumes,  bound  in  half-morocco,  from   No.  1  (1873) 

to  No.  9  (1881), 25 

Applications  should  be  addressed  to  Joseph  Struthers,  Secretary,. 
29  West  39th  Street,  New  York,  N.  Y. 


The  Emmons  Research  Fellowship  of  Economic 

Geology. 

The  Committee  named  below  has  been  formed  by  friends  of 
Samuel  Franklin  Emmons,  late  of  the  United  States  Geological 
Surve}^,  to  consider  the  best  method  of  perpetuating  his  name.  It 
has  been  decided  that  the  memorial  to  him  shall  take  the  shape  of 
a  Research  Fellowship,  to  be  known  as  the  Samuel  Franklin 
Emmons  Research  Fellowship  of  Economic  Geology,  which  is  to  be 
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administered  by  Prof.  James  F.  Kemp,  of  Columbia  University, 
New  York.  Subscriptions  are  invited  by  his  friends  to  this  fund, 
which  the  Committee  has  fixed  at  $25,000. 

Members  of  the  Institute  who  desire  to  contribute  to  this  fund 
will  please  communicate  with  the  Treasurer,  Benjamin  B.  Lawrence, 
60  Wall  Street,  New  York. 

The  Committee  consists  of  the  following : 

George  Otis  Smith,  Director,  U.  S.  Geological  Survey,  Wash- 
ington, D.  C. 

H.  L.  Smyth,  Harvard  University,  Cambridge,  Mass. 

James  Douglas,  99  John  Street,  New  York,  N.  Y. 

J.  A.  Holmes,  Director,  Bureau  of  Mines,  Washington,  D.  C. 

James  F.  Kemp,  Columbia  University,  New  York,  N.  Y. 

F.  W.  Bradley,  San  Francisco,  Cal. 

J.  Parke  Channing,  42  Broadway,  New  York,  N.  Y. 

Seeley  W.  Mudd,  1001  Central  Building,  Los  Angeles,  Cal. 

D.  W.  Brunton,  Denver,  Colo. 

H.  Foster  Bain,  420  Market  Street,  San  Francisco,  Cal. 

T.  A.  RiCKARD,  London,  England. 

B.  B.  Lawrence,  60  Wall  Street,  New  York,  N.  Y. 


How  to  Use  the  "Transactions"  of  the  Institute. 

Buy  a  copy  of  the  Complete  Analytical  and  Alphabetical  Index  of  Vol- 
umes I,  to  XXXV,,  inclusive;  also  the  new  Index  of  Volumes  XXXVL  to 
XL. 

Whether  you  do  or  do  not  own  a  full  set  of  the  Transactions,  these 
Indexes  will  make  all  of  the  material  contained  in  the  forty  volumes 
available  at  once  without  detailed  research  into  each  volume  sepa- 
rately. Moreover,  an  easy  search  will  show  what  particular  papers 
you  need  to  know  more  about,  and  perhaps  to  study.  Thus,  any 
person  possessing  these  Indexes  can  ascertain  at  once  what  has  been 
published  in  the  Transactions  on  a  given  question,  and  can  learn,  by 
writing  to  the  Secretary,  what  is  its  nature,  whether  it  is  still  to  be 
had  in  pamphlet  form,  where  it  can  be  consulted  in  a  public  library, 
at  what  cost  it  can  be  copied  by  hand,  etc.,  etc. 

In  short,  to  those  who  own  complete  sets  of  the  TransactionSy  these 
Indexes  will  be  a  great  convenience ;  but  to  those  who  do  not,  they 
will  be  a  professional  necessity. 

The  Index  Volumes  I.  to  XXXV.  is  an  octavo  of  706  pages,  con- 
taining more  than  60,000  entries,  duly  classified  with  sub-headings, 
and  including  abundant  cross-references.  The  limited  edition  is 
becoming  exhausted.  The  new  Index,  Volumes  XXXVI.  to  XL., 
supplementing  the  Index  Volumes  I.  to  XXXV.,  brings  the  classi- 
fied references  up  to  the  date  of  Volume  XL.,  June,  1910.  Prices : 
Index  Volumes  I.  to  XXXV.,  bound  in  cloth,  $5 ;  bound  in  half- 
morocco,  to  match  the  Transactions,  $6.  Index  Volumes  XXXVI. 
to  XL.,  bound  in  cloth,  $1.60;  bound  in  half-morocco,  $2.50. 
The  delivery  charges  will  be  paid  by  the  Institute  on  receipt  of  the 
above  price. 
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LIBRARY. 

American  Institute  of  Electrical  ENQiNEERa. 
American  Society  of  Mechanical  Engineers. 
American  Institute  of  Mining  Engineers. 
United  Engineering  Society. 

William  P.  Cotter,  Librarian. 

The  libraries  of  the  above-named  Societies  are  open  from  9  A.M. 
to  9  P.M.  on  all  week-days,  except  holidays,  from  September  1  to 
June  30,  and  from  9  a.m.  to  6  p.m.  during  July  and  August. 

The  Library  contains  about50,000  volumes,  including  sets  of  tech- 
nical periodicals  and  the  publications  of  scientific  and  technical 
societies. 

The  members  of  the  Institute,  with  few  exceptions,  are  by  the 
very  nature  of  their  profession  forced  to  spend  a  large  portion  of 
their  time  in  localities  isolated  from  sources  of  information.  To 
such  members  the  Library  can  render  valuable  service  through  cor- 
respondence, and  letters  requesting  information  will  receive  special 
attention.  The  Library  is  prepared  to  furnish  references  and  copies 
of  articles  on  mining  and  metallurgical  subjects ;  to  determine,  if 
possible,  the  existence  of  mining-maps,  and  to  furnish  general  in- 
formation as  to  the  geology  and  mineral  resources  of  all  countries 
as  far  as  these  resources  are  known  and  published. 

It  is  hoped  that  the  members  of  the  Institute  will  avail  them- 
selves freely  of  this  special  service.  The  Library  will  welcome  in- 
quiries on  engineering  subjects,  and  furnish  information  as  far  as 
such  information  is  to  be  obtained. 

AU  communications  should  be  made  as  definite  as  possible  so  that 
the  information  received  may  be  what  is  desired  and  not  include 
collateral  matter  which  may  not  be  of  interest.  In  this  wav  the  time 
spent  in  searching  for  such  collateral  matter  will  be  saved,  and  as  a 
result  the  information  will  be  sent  more  promptly  and  in  more  usable 
shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by 
forwarding  copies  of  mining-reports,  maps  privately  issued,  and 
similar  material,  which  will  be  classified,  indexed,  and  made  avail- 
able to  other  members. 

Suggestions  for  additions  to  the  Library,  either  by  purchase  or 
personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that 
members  while  in  the  city  will  use  the  Library  freely,  and  assur- 
ance is  given  that  most  careful  service  will  be  rendered  to  them. 
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Library  Accessions. 

Sept  1  to  Sept.  80,  1912. 

[Copies  of  the  list  of  additions  to  the  Libraries  of  the  American  Society  of 
Mechanical  Engineers  and  the  American  Institute  of  Electrical  Engineers  can 
be  obtained  on  application  to  the  Secretary  of  the  American  Institute  of  Mining 
Engineers.] 

American  Asbociation  for  the  Advakcbment  of  Science.  Proceedings. 
Vol.  LXII.     Washington,  1912.     (Exchange.) 

American  Society  for  Testing  Materials.  Proceedings.  Vol.  XII.  Phila- 
delphia, 1912.     (Exchange.) 

Argentine  REPrrBLic.  Ministerio  de  Agricultura.  Estadistica  Minera  de 
la  Bepubiica,  1909.     Buenos  Aires,  1911.     (Exchange.) 

Atlas  GEOORiFico  del  Ecuador.  By  Felicisimo  Lopes.  N.  p.,  1907.  (Pur- 
chase.) 

BiBLIOGRAPHIE  DER  DeUTSCHEN  ZBITSCHRfFTEN  LITERATURE.      By  F.  Dietrich. 

Band  XXIX.     Leipzig,  1912.     (Purchase.) 

Black  Dl^mond  Year-Book  and  Directory,  1912.  Chicago,  1912.  (Pur- 
chase.) 

BRiTrsH  Foundrymen's  Association.  Proceedings,  1910-1911.  London,  n.  d. 
(Exchange. ) 

Canada.  Commission  of  Conservation.  Annual  Report,  3d.  Ottawa,  1912. 
(Exchange.) 

Coal  Fields  op  King  County.  (Bulletin  No.  3,  Washington  Geological  Surrey.) 
Olympia,  1912.     (Exchange.) 

CoNGRESO  CiENTiFico  (1°  Pan  Americano)  Inqenieria.  Tomo  I.  Santiago 
de  Chile,  1912.     (Gift  of  Congreso  Cienlifico  (1°  Pan  Americano).) 

Design  of  Walls,  Bins,  and  Grain  Elevators.,  Ed.  2,  revised  and  enlarged. 
By  M.  S.  Ketchum.     New  York,  1911.     (Purchase.) 

Electrical  Code  of  the  City  of  New  York.  Comprising  the  Rules  and 
Regulations  for  the  Construction,  Care,  Maintenance,  and  Operation  of  Ducts, 
Po&s,  Conductors,  and  other  Electrical  Appliances.  1912.  New  York, 
1912.     (Gift  of  Dr.  Joseph  Struthera.) 

Enoinebrin»  Standards  Committee.  British  Standard  Specification  for  Cast- 
iron  Spigot  and  Socket  Soil  Pipes.     (No.  58. )    London,  1912. 

—  British  Standard  Specification  for  Cast-iron  Spigot  and  Socket  Waste  and 
Ventilating  Pipes  for  other  than  Soil  Purposes.     (No.  59.)    London,  1912. 
British  Standard  Specification  for  Structural  Steel  for  Bridges,  etc.,  and 


Greneral  Building  Construction.  (No.  15,  revised  Aug.,  1912.)  London, 
1912.     (Gift  of  Engineering  Standards  Committee.) 

Ebcuela  de  Ingenieros.  Memoria  anual  presentada  por  la  Direccion.  Lima, 
1912.    (Exchange.) 

Qeorola  Geological  Survey.  Bulletin  Nos.  27,  28.  AtlanU,  1912.  (Ex- 
change.) 

Hydrometallurgy  of  Copper.  By  W.  E.  Greenawalt  New  York,  McGraw- 
Hill  Book  Co.,  1912.     Price,  $5  net.     (Gift  of  Publishers. ) 

[Note. — The  extraction  of  copper  by  humid  methods  constitutes  a  doubly- 
mixed^  chapter  in  metallurgy ;  that  is,  itcomprises  much  old  as  welfas much  new 
material ;  and  it  invoiyes  in  practice,  almost  invariably,  roasting,  or  even  smelt- 
ing, as  well  as  solution  and  precipitation.  Mr.  Greenawalt  has  divided  his  book 
into  two  irts,  on  Roasting  and  Hydrometallurgical  Processes,  respectively,  and 
presents  u  '  each  head  a  summary  of  theory  and  practice,  including  the  results 
of  his  ow  a  experimental  work  as  well  as  the  reported  experience  of  others.  Since 
he  gives  reference  to  the  authorities  quoted,  and  also  a  good  index,  as  well  as  a 
very  full  table  of  contents,  the  book  will  be  highly  useful  to  the  students  of  a  suh- 
ject  concerning  which  trustworthy  information  is  largely  fragmentary,  and  scat- 
tered through  technical  journals. — K.  W.  K.] 
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Illinois.  Bureau  op  Labor  Statistics.  Bulletin — Workin^men's  Compensa- 
tion Act,  1912.     Springfield,  1912.     (Gift  of  Bureau  of  Labor  Statistics. ) 

Report  of  Bureau  of  Labor,  5th.     Springfield,  1912.      (Gift  of  Bureau  of 

Labor  Statistics. ) 

Illinois.  State  Geological  Survey.  Bulletin  No.  17.  Urbana,  1912.  (Ex- 
change. ) 

Index  of  Mining  Engineering  Literature.  Vol.  2.  By  W.  R.  Crane.  New 
York,  1912.     (Purchase.) 

International  Railway  Fuel  Association.  Proceedings  of  the  Fourth  An- 
nual Convention,  1912.  Chicago,  1912.  (Gift  of  International  Railway  Fuel 
Association. ) 

Iron  and  Steel  Institute.  Journal.  Vol.  LXXXV.,  1912.  No.  1.  London, 
1912.     (Exchange.) 

Ealknder  for  .Sveriges  Bbroshandtering,  1912.  By  J.  Hybei^.  Gdteborg, 
J  911.     (Purchase.) 

KoNJGLiscHEN  Bergakademie  zu  Clausthal.  Chrouik,  1911-12.  Clausthal, 
1912.     (Exchange.) 

Verzeichnis  der  Vorlesungen,  1912-13.     Clausthal,  1912.     (Exchange.) 

KoNiGL.  Sachs.  Bergakademie  zu  Freiberg.  Program,  1912-12.  Freiberg, 
1912.     (Exchange.) 

Limestones  and  Cement  Materials  of  North  Georgia.  A  report  on.  (Bulle- 
tin No.  27 ,  Georgia  Geological  Survey. )    Atlanta,  1912.     (Exchange.) 

Manchester  Association  of  Engineers.  Transactions,  1911-12.  Manchester, 
1912.     (Exchange. ) 

Memorie  descrittive  della  Carta  geologica  d*  Italia.  Vol.  XV.  Roma, 
1912.     (Exchange.) 

Metallurgy  of  Iron  and  Steel.  By  Albert  Sauveur.  Cambridge,  1912. 
Price,  16.     (Gift  of  Sauveur  &  Boylston. ) 

[Note. — Prof.  Sauveur's  splendid  book  doubtless  represents  his  course  on  this 
subject  at  Harvard  University.  It  is  divided  into  twenty-four  '*  Lessons,"  sepa- 
rately-paged, and  accompanied  with  two  Appendixes — one  on  Manipulations  and 
Apparatus,  the  other  on  the  Nomenclature  of  the  Microscopic  Constituents  of  Iron 
and  Steel.  Readers  of  the  literature  of  the  new  and  rapidly  progressing  science 
of  metallography  may  well  be  grateful  for  such  a  key  to  its  methods  and  results. 
Professor  Sauveur's  summary  fairlv  fills  the  place  for  which  it  is  designed,  as  ''a 
well-balanced  specific  and  comprehensive  treatise,"  useful  alike  to  students,  in- 
structors, manufacturers,  and  users.  It  deals  with  Pure  Metals,  Pure  Iron, 
Wrought  Iron,  Low-Carbon  Steel,  Medium-High  and  High-Carbon  Steel,  Impuri- 
ties in  Steel,  The  Thermal  Critical  Points  of  Iron  and  Steel,  Cast  Steel,  the  Me- 
chanical Treatment  of  Steel,  The  Annealing,  Hardening,  Tempering,  Cementation, 
and  Case-Hardening  of  Steel,  Special  Steels,  Cast  Iron  and  its  Impurities,  Mallea- 
ble Cast  Iron,.  Constitution  of  Metallic  Alloys,  Equilibrium  Diagram  of  Iron- 
Carbon  Alloys,  and  the  ** Phase"  rule.  Under  each  of  these  (and  sundry  suboiv 
dinate)  headings,  the  different  theories  are  sketched  and  critically  estimated.  The 
impression  produced  by  a  rapid  examination  of  the  book  is  that  the  new  science 
is  by  no  means  as  confused  and  incomprehensible  as  the  perusal  of  many  scattered 
monographs  would  probably  make  it  appear.  Professor  Sauveur  has  not  spoken 
the  last  word  concerning  it ;  but  the  woni  he  has  spoken  is  clear,  wise  and  help- 
ful.-R.  W.  R.] 

Metallurgy  of  Tin.     By  Henry  Louis.     New  York,  1911.     (Purchase.) 
Mineral  Industry.    Vol.  XX,  1911.    New  York,  1912.     (Purchase.) 
Mysore.    Geological  Department.    Report  of  the  Chief  Inspector  of  Mines, 

1910-1911.     Bangalore,  1912. 
Notes  on  a  Recent  Study  of  the  Atlantic  City  Steel  Paint  Tests.    (Bul- 
letin 32,  Paint  Manufacturers'  Association  of  the  United  States.)    By  H.  A. 
Gardner.     Philadelphia,  1912.     (Gift  of  Institute  of  Industrial  Research. ) 
Ontario.     Bureau  of  Mines.    Report,    Vol.  XXI,  pt.  11.     Toronto,  1912. 
(Gift  of  Ontario  Bureau  of  Mines.) 
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Phyj^ikalische  Chemie  deb  Metalle.  By  Rudolf  Schenek.  Halle,  a/S., 
1909.     (Purchase.) 

Portland  Cement  Kesoubces  of  Illinois.  (Bulletin  No.  17,  Illinois  State 
Geological  Survey.     Urbana,  19r2.     (Exchange.) 

PoRTroAL.  CoMMissAO  DO  Sebvi^o  Gbologico.  CommunifCes.  Tom  Vlll. 
Lisbon,  1910-11.     (Exchange.) 

Preliminary  Kepobt  on  the  Tertiary  Palaeontology  op  Western  Wash- 
ington. ( Bulletin  No.  15,  Washington  Geological  Survey. )  Olympia,  1912. 
(Exchange  ) 

Pbovincb  de  Hainaut.  Kapport  sur  la  Situation  de  L' Industrie  Min^rale  et 
M^tallurgique,  1911.     Frameries,  1912. 

Public  Boads  of  Geobgia,  Thibd  Repobt.  (Bulletin  No.  2S,  Georgia  Geolog- 
ical Survey.)     Atlanta,  1912.     (Exchange.) 

L.B  Pybometbe  Thebho-Elegtbique.  By  H.  Pdcheux.  Paris,  1909.  (Pur- 
chase. ) 

KuasiA.  Mines  Depabtment.  Iron  and  Coal  Industry  of  Russia  in  1896.  (In 
Russian.)     St  Petersburg,  1898.     (Purchase.) 

Silveb-Lead  Lodes  op  the  Wabatah  Distbict.  (Report  No.  2,  Tasmania 
Geological  Survey.    Hobart,  1911.     (Exchange.) 

Sociim^  GioLOGiquE  du  Nobd.  Annales.  Tome  XL,  1911.  Lille,  1911. 
(Exchange. ) 

SociAte  DE  L'Industbie  MiNiiBALE.  Annuaire,  1912-13.  Saint  Etienne,  1912. 
(Exchange. ) 

SvENSKA  T£KN0L0Gf(5reningen.  Ledamotsforteckning  jamte  Stadgar  och  Ord- 
ningsregler,  Juli,  1912.     Stockholm,  1912.     (Exchange.) 

Syllabus  of  Mathematics.  A  Symposium  Compiled  by  the  Committee  on  the 
Teaching  of  Mathematics  to  Students  of  Engineering.  Ithaca,  1912.  Price, 
$0.75.     (Gift  of  Society  for  the  Promotion  of  Eogineering  Education.) 

[Note. — This  little  book  is  the  work  of  a  Committee  appointed  at  a  joint  meet- 
ing of  mathematicians  and  engineers,  held  at  Chicago  in  December,  1907.  The 
Committee  was  directed  to  report  to  the  Society  for  the  Improvement  of  Engineer- 
ing Education,  and  this  report  was  accepted  by  that  Society  at  its  19th  annual 
meeting,  Pittsburg,  June,  1911.  The  members  of  the  Committee  are  instructors 
or  engineers  of  high  standing,  and  they  have  presented  here  the  preliminarv  and 
tentative  draft  of  part  of  *'  a  synopsis  of  those  fundamental  principles  and  methods 
of  mathematics  which  should  constitute  the  minimum  mathematical  equipment  of 
the  student  of  engineering."  The  book  contains  a  syllabus  of  each  of  the  follow- 
ing subjects :  elementary  algebra,  elementary  geometry  and  mensuration,  plane 
trigonometry,  analytic  geometry,  differential  and  intiegral  calculus,  and  complex 
quantities.  The  subject  of  dynamics  is  aT>parently  reserved  for  future  similar 
treatment.  The  work  is  neither  a  text-book  nor  a  hand-book,  but  a  summary  of 
the  leading  principles  which  the  student  ought  to  know  and  remember — that  is,  a 
guide  by  which  his  course  should  be  planned,  and  a  measure  by  which  its  accom- 
plishment may  be  tested.  It  is  a  valuable  contribution  to  the  simplification  and 
unification  of  mathematical  teaching. — R.  W.  R.] 

Tasmanite  Shale  Fields  of  the  Mebsey  Distbict.  (Bulletin  No.  11,  Tas- 
mania Geological  Survey.)    Hobart,  1912.     (Exchange.) 

TENNE-tsEE.  State  Geological  Subvey.  Bulletin  No.  14.  Nashville,  1912. 
(Exchange.) 

Tebbains  Paleozoiques  du  Pobtuqal.  Etude  sur  les  Fossiles  des  Schistes  a 
N^r^ites  de  San  Domingos  et  des  Schistes  a  N^rdites  et  k  Graptolites  de  Bar- 
rancos.     By  J.  F.  H.  DeJgado.    Lisbone,  1910.     (Exchange. ) 

Tkxas-Calipobnia  Abc  of  Pbimaby  Tbianoulation.  (Special  Publication  No- 
ll, U.  S.  Coast  and  Geodetic  Survey. )     Washington,  1912.     (Exchange.) 

U.  8.  Census  Bubbau.  Mobtality  Statistics,  1909.  Washington,  1912. 
(Exchange.) 

IT.  8.  Intbbstate  Commebce  Commission.  Bulletin  of  Revenues  and  Expenses 
of  Steam  Roads  in  the  United  States.  May,  1912.  ( No.  42. )  Washington, 
1912^     (Gift  of  Interstate  Commerce  Commission. ) 
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ViCTOBiA.  Secretary  for  Mines.  Annual  Report,  1911.  Melbourne,' 1912. 
(Exchange.) 

Washington  Geological  Survey.  Bulletin  Nos.  3, 15.  Olympia,  1912.  (Ex- 
change. ) 

Wenzels  Adressbuch  und  Warenverzeichnis  dbr  Chbwischen  Industrie 
DES  Deutghen  Keichs.     XII  Ausgabe,  1912.     Berlin,  1912.     (Purchase.) 

Wbbt  Virginia  Geological  Survey.  County  Reports,  1912.  Doddridge, 
Harrison  Counties,  and  maps.     Wheeling,  1912.     (Exchange.) 

Zinc  Deposits  of  Northeastern  Tennessee.  (Bulletin  No.  14,  Tennessee 
State  Geological  Survey. )     Nashville,  1912.     (Exchange.) 

Gift  of  Engineering  and  Mining  Journal. 

AcKERKANN,  EuGENE.     L'lndustrie  Mindre  et  M^tallurgique  en  Alsace.    Rix- 

heim,  1911. 
Alaska  Treadwell  Gold  Mining  Co.    Statement,  21  st,  1910-11. 
Austria,  K.   K.     Handelsministbrium.     Statistik  des  Auswartigen  Handels, 

1911.     Band,  I,  II.     Wien,  1912. 
Buckley,  R  R.     Address  delivered  at  the  13th  Annual  Session  of  American 

Mining  Congress,  1910. 

Department  of  Mines  and  Mining.     N.  d. 

— —  Sleet  Storm  in  the  Ozark  Region  of  Missouri,     1908. 

Idaho  Society  op  Engineers.     Journal.     Vol.  2,  No.  1.    June,  1912. 

Illinois  Water  Supply  Association.  Proceedings  of  3d  meeting,  Urbana,  19 11. 

Johnson,  J.  P.     Mineral  Industry  of  Rhodesia.     New  York,  1911. 

Mount  Lyell  Mining  &  Railway  Co.     Reports  and  Statements  of  Account  for 

half  year  ending  Mar.  31,  1912. 
Nome  Daily  Nugget.     Mining  and  Dredging  edition.     October,  1911. 
Providence  (R.  I.)  City  Engineer.     Annual  Report,  1911. 
Queensland.    Under  Secretary  for  Mines.    Annual  Report,  1911. 
Round  Mountain  Mining  Co.     Annual  Report,  6th,  1912. 
ScHENKEL,  Theodor.     Karstgebiete  uud  ihre  wasserkrafte.     Wien,  1912. 
U.S.  Education  Combctssioner.     Report,  1911.     Vol.  II.     Washingfon,  1912. 
Venezuela.     Ministerio  de  Fomento.     Anuario  Estadistico  de  Venezuela,  1909. 

Gift  op  Alfred  C.  L\ne. 

Grain  of  the  Igneous  Rocks,  f  Reprint  of  Chapt.  IV.  of  The  Keweenaw  Series 
of  Michigan,  Geologic  1 1  Series  4,  Vol.  I.) 

Mine  Waters.  (Reprint  of  pp.  774-79  of  The  Keweenaw  Series  of  Michigan, 
Geological  Series  4,  Vol.  I. ) 

Native  Copper  Deposits. 

Temperature  of  THF  Copper  Mine^.  (Reprint  of  Chapt.  VI.,  of  the  Kewee- 
naw Series  of  Michigan,  Geological  Series  4,  Vol.  I.) 

Gift  of  Technischen  Hochschule  zu  Karlsruhe. 

UbER  den  AuSPLUSS  HES  WaSSERS  AUS  KRELSPORMIGRN  OfFNUNGEV  in  DtJNNBR 

Wand.     By  W.  Sternberg.     Halle  a/S.,  1911. 
Uber  DAS  Aussalzen  von  Seifen.     By  Theo.  Riche  t.    Strassburg,  1911. 

UbER  die  BAULICHE  AnLAGR,  den  BeTRIEB,  DFE  LeiSTUNGSfXhIGKEIT  und  DIB 

Betriebskosten  des  Rang(erbahnhofes  Karlsruhe.     By  F,  Sammet. 
Karlsruhe,  1912. 

BeiTRAOR   ZUR   IdeNTIFIZIERUNG    und     KeNNTNIS    DER    KOHLElfWASSBRSTOFFB 

DES  ErdOls.     By  JenS  Tausz.     Boma-Leipzig,  1912. 
Beitrag  zur  Wirkung  des  Ozons  auf  das  Jod  und  den  Schwefel.     Bv  Max 
Beger.     Karlsruhe,  1912. 
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UbER  die  BiLDTJNG  von  HTI>B0rA.M8£UBECHL0BIDEK  A  US  NiTBOKObPERN  UND 

tJBEB  DTE  KoNanrunON  deb  aci-NitrokObpeb.    By  Boris  Jiirgeos.    Karls- 
ruhe, 1911. 

UbER  die  DaBSTBLLUKO  UND  DIB  EiOENSCHAFTSN  von  FEBBOBIKABBONATIi^- 

9UNOEK.     Bj  Jakob  Giinzburg.     Karlsruhe,  1912. 

XJebeb  Einwirkuno  von  Diphenylketen  auf  cabbonylhaltigb  Vebbind- 
unqen.     By  N.  Kon.     Czestochowa,  1911. 

Ubeb  DIB  ELEKTRrscHE  DopPELBRECHUKO  DEB  Case.  By  D.  E.  Hanseo.  Ber- 
lin, 1912. 

FeIER    DER  GROeRHERZOGLIGHEK  TeCHNISCHEK     HoGHSCHULE    FrIDEKICIANA 

BEi  Uberoabb  des  Rektorateb.     Nov.  25, 1911. 
Festschrift  zur  Feier  des  funfundfunfziostkn   Geburtstages   Seiner 

KoNiGLiCHEN   HoBEiT   DES  Grossherzogs    Friedrich   XL     Karlsruhe, 

1912. 
Grosshrrzogliche    Besidenzschloss    zu  Karlsrijle.    By   Emil   Gurman. 

Heidelberg,  1911. 
Die    Grobsherzogliche    Technische    Hochschule    Karlsruhe.     By   W. 

Fanlcke.     Karlsruhe,  1911. 
Zur  Kenntnis  der  BrnrHEMiscHEN  WiRKUNG  EiNTGER  Sauren.     By  Ren^ 

Hug.     Karlsruhe,   1911. 

UbER  die  KONSTITUTrON   der    HoLZOlsIURE    UND    DIE    POLYMERISATION  VON 

HolzSl.    Freiberg,  1912. 

LEISTUNOSFiuIGKEIT     VON      AbLAUFANLAGEN    AUF    VeRSCHIEBEBAHNhOfKN. 

By  Otto  Aramann.     Berlin,  n.  d. 

Normalflachen  UND  PROJEKTivE  Gruppen.  By  Hans  Mohrmann.  Karls- 
ruhe,  1911. 

Program  M  fur  das  studienjahr  1912-13.     Karlsruhe,  1912. 

Zur  Theorie  der  Dbsinfektion.     By  R.  Betzel.     Coburg,  1911. 

UebER  das  VeRHALTBW  EINIGER  PiLZE  zu   AmINOSAUBEN    UND    OXYSiUREN. 

By  Otto  Saladiu.     Karlsruhe,  1911. 
Uber   die  Wasserstoffoewinnung    aus   Kohlenoxyd   UND   Kalkhydrat 

UND  DIE  Beschleunigung  der  Wassergasreaktion  durch  Eisen.    By 

W.  H.  Engels.     Karlsruhe,  1911. 
Das    WtJRTTEMBEBGiscHE    Prazisionsnivellement.      By    p.   Werkmeister. 

Stuttgart,  1912. 

Trade  Catalogues. 

American  Vanadium  Co.,  Pi tteburgh,  Pa.     Vanadium  Steels.    1912.    80  pages. 
Chicago  Pneumatic  Tool  Co.,  Chicago,  111. 

Booklet  No.  119.     Operation  and  Upkeep  of   "Rockford"  Railway  Motor 
Cars.    22  pa^es. 

Bulletin  No.  118.    Chicago  Giant  Rock-Drills— Auxiliary  Valve  Type.     8 
pages. 

Bulletin  No.  120.     Instructions  for  Setting  Up  and  Operating  Chicago  Giant 
Rock-Drills.     8  pages. 
General  Electric  Co.,  Schenectady,  N.  Y. 

Bulletin  No.  3101.     Drum  Tvpe  Reversing  Switches.     12  pages. 

Bulletin  A  4,001.   Oil  Switches  for  Small  and  Isolated  Plant  ;^,300-volt  Alter- 
nating-Current Service.     Type  F,  fonu  K  13. 

Bulletin  A  4,002.     Polyphase  Maximum  Watt  Demand  Indicator,  Type  W. 

Bulletin  No.  4,968.     Electric  Automobile  Appliances. 

Bulletin  No.  4,995.     Direct-Current  Switchboards. 

Bulletin  No.  4,996.     Alternating  Current  Switchboard  Panels. 

Bulletin  No.  4,998.     Thomson  Direct-Current  Test- Meter.  Type  CB— 4. 
Ingersoll-Rand  Co.,  New  York,  N.  Y. 

Catalogue  No.  75.     Water  Lifted  bv  Compressed  Air.     1912.     67  pa^es. 

Form  No.  4,017.     *'  Butterfly »'  Hand  Hammer  Drills.     1912.     8  pages. 
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International  High  Speed  Steel  Co.,  New  York,  N.  Y.     Hollow  and  Solid 
Best  Swedish  Charcoal  Rock-Drill  Steels,  Bulldog  Brand. 

Jeffrey  Mfg.  Co.,  Columbus,  O.     Bulletin  No.  74.     Jeffrey  Freight  and  Pack- 
age Handling  Machinery.     27  pages. 

Mebker  Bros.  Iron  Co..  St.  Louis,  Mo.     Catalo|^e  of  Fire-Proof  Wire  Glass 
Windows,  Steel  Sash,  Steel  and  Concrete  Interior  Stairs. 

Mebta  Machine  Co.,  Pittsburg,  Pa.     Brief  Description  and  Illustrations  of  the 
Plant  and  Production.     47  pages. 

NoRDBERQ  Mfg.  Co.,  Milwaukee,  Wis. 

Bulletin  No.  20.     '*S.  C."  Compressors,  Belted  Type.     7  pages. 
Bulletin  No.  21.     Nordberg  Uniflow  Engine,  Corliss  Type.     7  pages. 

Stephenson- Adamson  Mfq.  Co.,  Aurora,  111.     Labor  Saver.    Sept.,  1912. 

United  Engineering  Society  Library. 

L.  L.  Poates  &  Co.*8  Complete  Atlas  of  the  World.    New  York,  1912. 

(Gift  of  L.  L.  Poates  Publishing  Co. ) 
Trow* 8  General  Directory  of  the  Boroughs  of  Manhattan  and  Bronx, 

City  of  New  York.    Vol.  CXXVI.     New  York,  1912.     (Purchase. ) 

Trade  CATALOGUEa 

American  Vanadium  Co.  ,  Pittsburg,  Pa.    Vanadium  Steels.     1912.     80  pages. 
Titanium  Alloy  Manufacturing  Co.,  Pittsburg,  Pa. 

Tests  of  Rails  in  what  is  said  to  be  the  severest  service  in  the  world.     8  pages. 

Titanium.    The  best  rail  ever  rolled.     39  pages. 

Titaniuni  In  Iron.     1911.     38  pages. 

Titanium'  in  Steel.     1911.     48  pages. 

Titanium  Rail  Tests  on  B.  <&  O.  K.  R.     Second  series. 

Titanium  Rail  Tests  on  Boston  &  Maine  R  R. 

Titanium  Rail  Tests  on  Delaware  &  Hudson  Co. 

Rail  Testa  on  Lehigh  Valley  R.  R 
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MEMBERSHIP. 

New  Members. 

The  following  list  comprises  the  names  of  those  persons  elected 
as  members  who  accepted  election  during  the  month  of  September, 
1912: 

Members. 

EuzELL,  Charles  R,  Met,  Anaconda  Copper  Mining  Co., 

Boston  and  Montana  Reduction  Dept.,  Great  Falls,  Mont. 

LoNOAN,  Walker  B.,  Min.  Engr P.  O.  Box  39,  Brecken ridge,  Colo. 

Lower,  Joseph  B.,  Supt.,  Chintui  and  Candlestick  Camps,  of 

The  Oriental  Consolidated  Mining  Co.,  Unsan,  Chosen,  Korea. 
PrSmmel,  Harald  W.  C  ,  Mine  foreman,  la  Calle  Madrid  No.  15, 

Mexico  City,  Mexico. 
Schumacher,  Wilhelm,  Engineer,  Haberland  Str.  2,  Berlin,  W.  30,  Germany. 

Candidates  for  Membership. 

The  following  persons  have  been  proposed  during  the  month  of  Sep- 
tember, 1912,  for  election  as  members  of  the  Institute.  Their  names 
are  published  for  the  information  of  members  and  associates,  from 
whom  the  Committee  on  Membership  earnestly  invites  confidential 
communications,  favorable  or  unfavorable,  concerning  these  candi- 
dates. A  sufficient  period  (varying  in  the  discretion  of  the  Com- 
mittee, according  to  the  residence  of  the  candidate)  will  be  allowed 
for  the  reception  of  such  communications,  before  any  action  upon 
these  names  by  the  Committee.  After  the  lapse  of  this  period,  the 
Committee  will  recommend  action  by  the  Council,  which  has  the 
power  of  final  election. 

■  Members, 

Charles  A.  Baechtold,  New  York,  N.  Y. 

Proposed  by  Louis  D.  Hantoon,  Edward  B.  Sturgis,  George  F.  Kunz. 
William  Walley  Davis,  Steelton,  Pa. 

Proposed  by  Edward  N.  Trump,  E.  C.  Witherby,  W.  H.  Blauvelt 
Harry  Patton  Dowler,  Heilwood,  Pa. 

Proposed  by  John  McLeavy,  Thomas  A.  Fumiss,  Thomas  Fisher. 
Herbert  C.  Ebos,  Mexico  City,  Mexico. 

Proposed  by  R.  M.  Raymond,  A.  F.  Main,  Victor  M.  Braschi. 
Fontaine  Maury  S.  Gillespie,  Abangarez,  Costa  Rica,  C.  A. 

Proposed  by  Percy  L.  Feam,  H.  T.  Purdy,  J.  C.  Porter. 
Frank  Watrous  Hamilton,  Brooklyn,  N.  Y. 

Proposed  by  Louis  D.  Huntoon,  John  H.  Lidgerwood,  George  F^  Kunz. 
Earl  Frederick  Hoffman,  Mexico  City,  Mexico. 

Proposed  by  A.  Monell,  W.  A.  Bostwick,  W.  W.  Mein. 
Zay  Jeffries,  Cleveland,  Ohio. 

Proposed  by  Charles  H.  Fulton,  A.  W.  Smith,  Frank  R.  Van  Horn. 
Geoive  Basil  McCunn.  Wabana,  Newfoundland,  Canada. 

Proposed  by  R.  E.  Chambers,  Bradley  Stoughton,  Louis  D.  Huntoon. 
L.  L.  Middlekamp,  Ellamar,  Alaska. 

Proposed  by  G.  M.  Gouyard,  H.  A.  Keller,  Lewis  A.  Levensaler. 
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Robert  P.  Millard,  Cleveland,  Ohio. 

Proposed  by  H.  Alfred  MUiard,  H.  C.  Hale,  G.  F.  Knapp. 
Edwin  Morris  Mohrman,  Twin  Falls,  Idaho. 

Proposed  by  U.  B.  D.  Bailey,  Kobert  N.  Bell,  Henry  Kehoe. 
J.  Bums  Bead,  Cleveland,  Ohio. 

Proposed  by  Charles  H.  Fulton,  Frank  B.  Van  Horn,  A.  W.  Smith. 
Charles  Prentice  Turner,  Steelton,  Pa. 

Proposed  by  Joseph  W.  Bichaxds,  Henry  S.  Drinker,  Howard  Eckfeldt 
Sidney  Bolle,  Chrome,  N.  J. 

Proposed  by  Lawrence  Addicks,  Bobert  N.  Draper,  John  N.  Judson. 
James  Arthur  Singmaster,  Palmerton,  Pa. 

Proposed  by  J.  A.  Van  Mater,  A.  Heckscher,  George  C.  Stone. 
Charles  Sumner  Smith,  Globe,  Ariz. 

Proposed  by  James  Douglas,  George  B.  Lee,  A.  B.  Ledouz. 
Albert  Kdward  Wiggin,  Anaconda,  Mont. 

Proposed  by  William  Wraith,  C.  D.  Demond,  C.  W.  Goodale. 

Associate. 

Andr^  Marie  Joseph  Camille  Barthelemy,  Carthagena,  Spain. 

Proposed  by  Godfrey  T.  Vivian,  Walter  McDermott,  A.  Ernest  Thomas. 

Changes  of  Address  of  Members. 

The  following  changes  of  address  of  members  have  been  received 
at  the  Secretary's  oflBlce  during  the  month  of  September,  iyi2.  This 
list,  together  with  the  lists  published  in  Bidletin  Nos.  63  to  69, 
March  to  September,  1912,  and  the  foregoing  list  of  new  members, , 
therefore,  supplements  the  annual  list  of  members  corrected  to 
Feb.  1, 1912,  and  brings  it  up  to  the  date  of  Oct.  1,  1912. 

AoNEw,  John  A.,  Care  Union  Bank  of  Australia,  Ltd.,  London,  £.  C,  England. 

Aldridob,  Walter  H 14  Wall  St.,  New  York,  N.  Y. 

Amsden,  O.  B.,  Min.  Engr 325  E.  lliff  Ave.,  Denver,  Colo. 

Backus,  George  S Elk  City,  Idaho. 

BfiHR,  IIans  C,  Gold  Fields  American  Development  Co.,  Ltd., 

71  Broadway,  New  Y'ork,  N.  Y. 
Black,  Robert  M.,  Asst.  Prof,  of  Coal-Mining,  University  of  Pittsburgh, 

Pittsburgh,  Pa. 

Boehmer,  Max 419  Jacobson  Bldg.,  Denver,  Colo. 

BoLLES,  J.  H 114  W.  79th  iSt.,  New  York,  N.  Y. 

Bosch,  Anton Inutructed  to  hold  all  mail. 

Burt,  Charles  S ..936  8.  Summit  St.,  Iowa  City,  Iowa. 

Cabot,  John,  Jr Care  a.  M.  Hoyt  &  Co.,  1  Broadway,  New  York,  N.  Y. 

Chaney,  K.  Gordon,  Jr.,  Engr.,  Independent  Coal  &  Coke  Co., 

Kenilworth,  Utah. 

Cox,  W.  Ray 612  Custom  House  Bldg,  San  Francisco,  CaL 

Crewe,  Leonard  C,  Genl.  Mgr.,  La  Follette  Iron  Co.,  La  Follette, 

Campbell  Co.,  Tenn. 

Crum,  J.  KiCHMOND Trentham,  Stoke-on-Trent,  England. 

CuRRiE,  John  M Care  Lake  &  Cnrrie,  Norfolk  House, 

Laurence  Pountney  Hill,  London,  E.  C,  England. 

Dake,  Walter  M,  Jr The  Bully  Boy  Co.,  Maryvale,  Utah. 

Dane,  Edward  G Perak,  F'ederated  Malay  States. 

Eldred,  Byron  E.,  Presi Commercial-Research  Co.,  Tnckahoe,  N.  Y. 

Emmons,  Carolls  D 156  E.  11th  St.,  Eugene,  Ore. 

Eye,  Clyde  M Concheiio  Mining  Co.,  Temosachic,  Chih.,  Mexico. 

Fay,  Albert  H.. Bureau  of  Mines,  Washington,  D.  C. 

FiSHBURN,  Kandolph  E./. Schradcr  Bldg.,  Tucson,  Ariz. 

Fulton,  Chester  A University  Club,  Mexico  City,  Mexico. 

FuRNEss,  DwiGHT,  Prest,  Dwight  Furness  Co.,  Apartado  2,  Guanajuato,  Mexico. 
Gahl,  Rudolf Care  Copper  Quven  Cons.  Copper  Co.,  Douglas,  Aria, 
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Hall,  Georoe 12Sheepcote  Road,  Harrow,  England. 

HoFFEB,  Walter  E Jdichigan  College  of  Mines,  Houghton,  Mich. 

Hunt,  Archibald  J 16  Rue  de  fieucker,  Antwerp,  Belgium. 

Hdtchebon,  William  C Wind  Kock,  Tenn. 

Jennings,  Uennen 2221  Maasaehusetts  Ave.,  Washington,  D.  C. 

Keiller,  Alexander  G Aguacate  Mines,  San  Mateo,  Costa  Rica,  C.  A. 

Kino,  Paul  S...Care  Chas.  McFadden,  Jr.,  402  Arcade  Bldg.,  Philadelphia,  Pa. 

KiRCHHOFF,  Charles 587  Riveraide  Drive,  New  York,  JN.  Y. 

Kruttschnitt,  Julius,  Amer.  Smelting  <&  Refg.Co.,  Fenner  Bldg.,  Tucson,  Ariz. 
Lane,  Henry  M.,  Cons.  Fdj.  Engr.  and  MeL,  Prest.,  H.  M.  Lane  Co., 

J  8  Pique. te  Ave.  E.,  Detroit,  Mich. 
Leland,  Frank  M.,  Prest,  and  Act  Mgr.,  Empire  Copper  Co.,  Mackay,  Idaho. 
Linville,  Clarence  P.,  Supt  Blast  Furnaces  for  Joseph  £.  Thropp.  Everett,  Pa. 

McAllister,  J.  Eooar 15  King  St.,  W.,  Toronto,  Ont,  Canada. 

McDevitt,  James  E 14  Taoonic  Si.,  Pittsfield,  Mass. 

McEwEN,  Atholl  F.,  Care  C.  G.  McEwen,  West  Rand  Cons.  Mines, 

Krugersdorp,  Transvaal,  So  Africa. 

McMaster,  Alexander  T.  C 65V  Spadina  Ave.,  Toronto,  Ont.,  Canada. 

Marriott,  Frederick  A.,  "Rosljrn,"  Summer-St,  Orange,  N.  S.  W.,  Australia. 

Martin,  Samuel  G Martin  Min.  &  Power  Co.,  Eureka,  Colo. 

Mitchell,  Deane  P 1  London  Wall  Bldgs.,  London,  E.  C,  England. 

MiTKE,  Charles  A Box  1369,  Bisbee,  Ariz. 

Nichol,  William Care  African  Banking  Corpn.,  Kimberley,  South  Africa. 

Nisben,  Peter  N.,  Care  Head,  Wrightson  &  Co., 

5  Victoria  St,  Westminster,  London,  England. 

Nobs,  Frederick  W La  Leonesa,  Matagalpa,  Nicaragua,  C  A. 

North,  Wheeler  O 303  Henne  Bldg.,  Los  Angeles,  Cal. 

OsrrER,  William  T Bonanza,  Idaho. 

Pearson,  William  R Instructed  to  hold  all  mail. 

BicHARDs,  H.  DeC Crocker  Bldg.,  San  Francisco,  Cal. 

Rule,  J.  Arthur Rio  Tinto  Copper  Co. ,  Terrazas,  Chih.,  Mexico. 

ScHOLZ,  Carl 911  La  Salle  Sta.,  144  Van  Buren  St,  Chicago,  111. 

ScHWAKZ,  Charles  E. 6029  Maple  Ave.,  St  Louis,  Mo. 

Skvery,  Clarence  L 3^5  Oakland  Ave.,  Pasadena,  Cal. 

Short,  Frank  R 1043  Monadnock  Bldg.,  San  Francisco,  Cal. 

Somerset,  Harry  St.  J.,  Jr.,  Care  J.  B.  Wilson,  Hunter's  Hill, 

Sydney,  N.  S.  W.,  Anstrulia. 

Staunton,  William  F 612  S.  Harvard  Blvd.,  Los  Angeles,  Cal. 

Straw,  Charles  A 218  Warren  St.,  Hudson,  N.  Y. 

Taber,  Stephln University  of  South  Carolina,  Columbia,  S.  C. 

Thomae,  W.  F.  a.,  Care  Mazapil  Copper  Co  ,  Apartado  64,  Saltillo,  Coah., 

Mexico. 

Thomas,  David  R.,  Mgr Prtdilecta  Mining  Co.,  Guanacevi,  Dur.,  Mexico. 

ToRREY,  Herbert  G 10  Wall  St,  New  York,  N.  Y. 

Turner,  Albert  A Beatty,  Nev. 

Van  Arsdale,  George  D (bpper  Queen  Cons.  Mining  Co.,  Douglas,  Ariz. 

Van  SiCLEN,  Matthev^ Turtle  Creek  Siding,  Albert  Co.,  N.  B.,  Canada. 

Vioeon,  Edward  C,  Asst  Genl.  Mgr.,  Spassky  Copper  Mine,  Ltd., 

Kara^andy,  Akmolinsk  District,  Siberia. 
Webster,  Paul  W.,  Care  Lutz- Webster  Engineering  Co^ 

3103  Grays  Ferry  Koad,  Philadelphia,  Pa. 

Wilkinson,  W^illiam  F Hurstbourne  Priors,  Whitchurch,  Hants,  England. 

Wolf,  Albert  G Gardnerville,  Nevada. 

Addresses  op  Members  and  Associates  Wanted. 

Name.  Last  Address  of  Record,  from  which  Mail  has  been  Returned. 

Bates,  Mowry, Hughes  Porcupine  Mines,  Ltd.,  Porcupine, 

Ont,  Canada. 

Baxter,  Francis  K..  Jr., 423  Wells  Fargo  Bldg. ,  San  Francisco,  Cal. 

Cook,  Edward  H. ,  ! Minas  Birimoa,  S.  A.,  Birimoa,  via  Canelas, 

Dur.,  Mexico. 

Danforth,  A.  H., Cotopaxi,  Colo. 

David,  W.  M., Care  C.  G.  Hussey  &  Co.,  Second  Ave.,  Pitts- 
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Dyott,  George  M., 50  Church  St,  New  York,  N.  Y. 

Fergusson,  Hugh  B» 216  Loo  Bldg.,  Vancouver,  B.  C,  Canada. 

Fitzgerald,  Thomas  F.  M.,  .   .    .    .  211  Sharon  Bide.,  Salt  Lake  City,  Utah. 

Furneas,  James  W., Coffee,  Trinity  Co.,  CaL 

Gmelin,  Ernest, Apartado  57,  Aguascalientes,  Mexico. 

Higgins,  Edwin, Kandsburg,  Cal. 

Hilson,  Cleaveland, Livingston,  Mont. 

Hollis,  K.  W., Silverton,  Colo. 

Johnson^   Dion  L., 325  Water  St,  Pittsburg,  Pa. 

Lampshire,  John  O., Vulture  Mine,  Wickenourg,  Ariz. 

Leavell,  John  H., Buffalo  Mine,  Cobalt,  On t,  Canada. 

Le  Noir,  Frank  H., Box  16.  Mt  Bullion,  Cal. 

McDougall,  Walhioe  D., 20  Bedford  Place,  Bussell  So.,  London,  Eog. 

Mitinskij,  Alexander  N.,    .   .    .   .  V.  O.  12,  line  33,  St  Petersburg,  Russia. 

Moore,  Koy  W., P.  O.  Box  48,  Velasco,  Tex. 

Munroe,  Martin, Bengal  Coal  Co.,  Murulidih,  Mohada,  B.  N. 

Ky.,  Bengal,  India. 

Nelson,  D.W.C., Baker  City,  Ore. 

Oidfield,  Frank  W., Mexican  Mines  Co.,  Bolafios,  Jal.,  Mexico. 

Perks,  Harry  B., 419  Board  of  Trade  Bldg. ,  Portland,  Ore. 

Peterson,  Frank, H.  W.  Hellman  Bide.,  Los  Angeles,  Cal. 

Bathbome,  Merwyn  R  W.,    .   .    .  Amargosa,  via  Las  Vegas,  Nev. 

Rhew,  James  W.  ,Cia.  Minera  y  Exploradora  de  Ventanas,  S.  A. ,  Ventanas,  Dur. ,  Mex. 

Rickard,  Harold, Foley-O'Brien,  Ltd.,  So.  Porcupine,  Ont,  Ouiada. 

Sheldon,  Waldo, Urique,  Chih.,  Mexico. 

Thornton,  Edward  T., Apartado  30,  Matehuala,  S.  L.  P.,  Mexico. 

Twynam,  Henry,    .    .   .  O.  K.  Copper  Mine,  Cairns,  No.  Queensland,  Australia. 

Vinicombe,  Robert  E.B., Post  Restante,  Vladikafkas.  So.  Russia. 

Watson,  Ralph  W., Calloo,  Utah,  Clifton  Mail  box. 

Webster,  Erastus  H., Hotel  Cosmopolita,  Guadalajara,  Jal.,  Mexico. 

White,  W.  P 10  Bernard  St.,  Spokane,  Wash. 

Necrology. 

The  deaths  of  the  following  members  were  reported  to  the  Secre- 
tary's office  during  the  month  of  September,  1912: 

nateof 
Election.  Name.  Date  of  Deoeaae. 

1895.  **Chalmer8,  John  A., September  9, 1912. 

1872.     *Kent,  Joseph  C, August  31,  1912. 


*  Member.  **  Life  Member. 
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[TRANSACTIONS  OF  THE  AMERICAN  JNaTITUTl  OF  MINING  ENGlNEERaO 


The  Occurrence  of  Gold  in  the  Eocene  Deposits  of  Texas. 

BY  E.    T.    DUUBLE,  HOUSTON,  TEX. 
(Cleveland  Meeting,  C^ctober,  1912  ) 

For  many  years  there  have  been  occasional  reports  of  the 
discovery  of  gold  from  a  belt  of  the  coast  country  of  Texas 
which  is  underlain  by  deposits  belonging  to  the  lower  Eocene, 
For  the  most  part  they  have  been  treated  as  newspaper  reports 
and  no  examination  or  record  of  tliem  has  been  made*  Among 
such,  it  may  be  mentioned  that  iu  1896  there  was  a  flurry  over 
reported  gold-discoveries  west  of  Luling  and  eke  where  in  this 
belt,  and  in  1903  some  prospect-shafts  were  sunk  on  the  Gon- 
zales branch  of  the  Galveston,  Houston  &  San  Antonio  railway^ 
3  miles  below  Harwood.  During  1912^  further  dieeoveries  have 
again  brought  the  matter  to  our  attention,  and  it  may  be  of 
interest  to  record  the  facts  as  we  have  found  them. 

Some  years  ago  specimens  were  aent  me,  which  were  said  to 
have  been  taken  from  certain  beds  on  Gazley  creek,  aod  con- 
centrated by  washing  in  a  rocker-  In  them  were  several  par- 
ticles of  gold  sufficiently  large  to  be  visible  to  the  eye.  Under 
the  microscope  they  showed  to  be,  with  few  exceptions,  sharp 
cornered,  and  not  rounded  as  is  usual  with  placer-gold.  They 
were  not  filings,  however,  but  their  sharpness  seemed  rather  to 
be  due  to  a  recent  freeing  from  their  matrix*  One  or  two 
grains  were  rusty,  and  one  copper^iued,  but  the  most  of  them 
were  tolerably  bright. 

On  examining  the  material  of  the  samples  small  grains  or 
fragments  were  found,  of  a  yellowish  brown  color,  which 
seemed  to  be  of  a  finely-granular  structure — poeeibly  a  sand- 
stone. In  these  fragments  I  found  particles  of  gold,  one  of 
them  being  large  enough  to  be  visible  without  a  lens. 

Gazley  creek  empties  into  the  Colorado  river  just  north  of 
Smith ville,  and  for  a  few  miles  north  of  that  place  its  banks 
show,  beneath  the  deposits  of  more  recent  mate  rials,  the  sands 
and  clays  of  the  Lignitic  division  of  the  Eocene,  witli  lignite, 
shells  of  iron,  etc. 
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A  characteristic  section  is  as  follows : 

Bed  No.  eet. 

1.  Detritus  covered, 15 

2.  False-bedded  sands  with  iron,  the  seams  and  lamina  being 

indurated  ferruginous  sandstone, 4 

3.  Similar  to  No.  2,   but  less  hardened  and  containing  some 

seams  of  chocolate  clay, 3  to  4 

4.  Lignitic  sands  and  clays  with  some  lignite,    .  .         .       1  to  3 
6.  Gray  clay  with  shells  of  iron,  to  water,         .         .         .         .       1  to  3 

It  was  from  these  beds  that  the  specimens  sent  me  were 
supposed  to  have  come. 

I  spent  two  days  along  the  creek  securing  representative 
and  average  samples  from  each  of  the  beds  and  in  panning 
dirt  from  various  parts  of  the  beds  and  from  the  creek.  In 
panning,  only  a  very  few  colors  were  seen,  and  these  were  from 
beds  Nos.  3,  4,  and  5.  I  also  found  in  the  beds  fragments  of 
sandstone  similar  to  those  in  which  the  gold  occurred  in  the 
original  samples,  although  I  did  not  find  gold  in  any  of  my 
sandstone  fragments. 

Very  careful  assays  were  made  of  the  samples  I  collected, 
with  the  following  results: 

Sample  No.                   Location.  Gold. 

1.  Upper  part  bed  No.  3, None. 

2.  Middle. part  bed  No.  3, Trace. 

3.  Lower  part  bed  No.  3, Good  trace. 

4.  Bed  No.  4, Good  trace. 

5.  Bed  No.  5, Faint  trace. 

6.  Iron-seam,  bed  No.  6, None. 

7-a.  Iron-seam,  bed  of  creek, Strong  trace. 

7-^.  Iron-seam,  bed  of  creek, None. 

The  only  visible  gold  in  the  samples  taken  by  myself  was 
found  in  No.  4,  in  which  several  small  particles  were  clearly 
seen  under  the  lens. 

The  actual  occurrence  of  gold  in  these  deposits  was  there- 
fore proved,  although  I  was  unable  to  find  it  in  such  quantity 
as  was  indicated  by  the  original  samples. 

The  work  south  of  Harwood  was  brought  about  by  finding 
in  wells  in  that  vicinity  a  stratum  of  fine  argillaceous  sand 
mixed  with  glauconitic  matter  and  carrying  quantities  of  small 
crystals  of  pyrite  which  showed  gold  when  assayed. 

The  sand-bed,  reached  at  200  ft.,  was  80  ft.  in  thickness. 

[2] 


Digitized  by 


Google 


OCCURRKNCB   OF   GOLD    IN    EOCENE    DEPOSITS    OP   TEXAS.     1028 

Assays  of  carefully-taken  samples  made  by  reputable  assayers 
showed  values  of  $20  and  upward.  Two  shafts  were  started 
and  were  sunk  to  more  than  100  ft.  in  depth,  but,  as  I  under- 
stand it,  owing  to  trouble  with  quicksand  below  that  depth 
they  were  abandoned  before  the  supposed  gold-bearing  sand 
was  reached. 

Later,  parties  digging  a  well  southwest  of  Harwood  were 
attracted  by  the  appearance  of  the  materials  found,  and  sent 
samples  to  the  U.  S.  Assayer  at  El  Paso,  who  reported  very 
favorably  on  them.  The  well  was  then  enlarged  and  deepened, 
and  carefully  sampled.  The  assays,  made  of  materials  taken 
every  foot  from  the  bottom  upward  for  88  ft.,  all  showed  the 
presence  of  gold,  although  only  as  traces  in  six  specimens. 
In  the  others  the  gold-values  ranged  from  16  cents  tp  $8  per 
ton,  with  small  amounts  of  silver  additional. 

Samples  of  these  sands  from  other  wells  in  this  vicinity  also 
show  small  values  in  gold. 

In  both  these  places  the  geological  relations  are  the  same 
as  those  in  the  Gazley  Creek  region,  so  that  all  occurrences 
which  have  come  under  our  notice  are  connected  with  beds  of 
the  Lignitic  stage  (Chickasawan)  of  the  Eocene. 

The  materials  of  the  Lignitic  beds  in  this  area  are  inter- 
bedded  clays  and  sands  with  beds  of  lignite.  The  sands  are 
quartzitic,  more  or  less  micaceous  and  carry  occasional  small 
pieces  of  feldspar.  They  also  carry  a  considerable  quantity 
of  iron  in  the  shape  of  scattered  grains  and  nodules  of  pyrites 
and  some  ferric  oxide. 

The  composition  of  these  beds  immediately  suggests  the 
granite  area  of  the  Llano  region  as  the  place  of  origin  of  the 
materials  entering  into  them,  and  the  channel  of  the  Colorado 
river  or  its  early  Tertiary  predecessor  as  the  route  by  which 
they  could  have  reached  the  shores  of  the  Lignitic  lagoon  or 
swamp  in  which  they  were  deposited. 

Gold  and  silver  are  known  to  occur  in  the  porphyries  and 
micaceous  schists  of  the  Llano  region,  and  gold  is  found  among 
the  sands  lying  in  the  creeks  flowing  over  or  through  these 
rocks.  Considerable  quantities  of  placer-gold  have  been  found 
in  the  Big  Sandy,  and  it  is  found  in  the  sands  of  the  Colorado 
as  far  south  as  Austin. 

[3] 
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The  later  Tertiary  deposits  of  the  Colorado  basin  south  of 
Lagrange  show  quantities  of  similar  materials  derived  from 
the  Llano  region,  the  fragments  of  feldspar  and  granite  being 
of  much  larger  size  than  any  that  enter  into  the  Lignitic  beds. 
Consequently,  while  grains  of  free  gold  might  not  have  been 
transported  such  distances  as  are  here  involved,  fragments  of 
the  sandstones,  porphyries,  or  mica-schists  with  gold  inclusions 
might  have  been  so  transported  and  by  subsequent  disintegra- 
tion have  freed  the  gold. 

It  would,  therefore,  seem  entirely  probable  that  the  Llano 
region,  with  its  granites  and  porphyries,  and  its  gold-,  silver- 
and  iron-ores,  was  largely  uncovered  in  early  Eocene  times  and 
was  subjected  to  active  erosion,  the  detritus  from  it  being 
swept  coastward  by  waters  running  into  the  Colorado  and 
deposited  as  the  beds  we  now  call  the  Lignitic. 

These  deposits  are  now  known  to  carry  gold  locally  over  a 
region  about  60  miles  in  length,  and  while  it  may  well  be  that 
the  colors  do  not  exist  at  any  place  in  so  concentrated  a  condi- 
tion as  to  make  it  possible  to  work  them,  the  fact  that  the  gold 
does  actually  occur  will  doubtless  induce  repeated  attempts  to 
do  so.  Furthermore,  the  nature  of  the  occurrence  is  of  soflB- 
•cient  interest  to  warrant  a  much  more  extended  study  than 
has  yet  been  given  it. 


[4] 
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[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


Present  Conditions  of  Mining  in  the  District  of  Vladivostok, 

Siberia. 

BY  ALBERT  F.    J.    BORDEAUX,   THONON-LEa-BAINS,   FRANCB. 
(Cleveland  Meeting,  Octxjber,  1912.) 

Thb  immediate  vicinity  of  the  sea-ahorcj  affording  special 
facility  for  the  exportation  of  ores,  makes  it  possible  to  work 
certain  mines  in  the  Vladivostok  district,  which,  in  more  remote 
places  of  Siberia,  would  remain  unproductive.  Outside  of  the 
city  of  Vladivostok  the  population  ie  small  and  the  country  is 
very  little  prospected.  Additional  discoveries  of  valuable  de- 
posits like  the  large  body  of  calamine  which  has  recently  been 
opened  in  the  neighborhood  of  earlier  worked  lead-silver  ores, 
in  the  Tetiuhe  valley,  are  still  in  the  field  of  possibilities. 

For  many  years  gold  alone  was  produced,  in  part  from  the 
coastal  rivers  and  in  part  from  a  quartz-vein  on  Askold  island 
near  Vladivostok.  But  the  production  ie  diminishingj  and 
prospectors  are  looking  for  other  rivers  in  the  interior,  such  as 
the  tributaries  of  the  Ussuri.  These  rivers  are  now  more  ac- 
cessible than  formerly,  due  to  the  slow  but  gradual  develop- 
ment of  colonization  by  the  Russian  peasants.  The  few  natives 
of  the  country,  called  Orodjones,  are  of  the  Chinese  race.  They 
resemble  the  North  American  Indian  and  are  hardy  fur-hunt- 
ers.  They  have  given  some  attention  to  placers  and  have 
already  shown  good  specimens  of  goUUdust  from  the  rivers 
Iman,  Bikin,  Noto,  etc. 

Coal-mining  was  begun  in  the  Vladivostok  region  more  than 
20  years  ago,  but  in  a  somewhat  irregular  way*  The  industry 
is  not  as  yet  important  and  the  best  coal-seams  are  badly  pros- 
pected, or  are  even  neglected. 

Copper,  lead,  and  iron  exist  in  several  places.  The  amounts 
give  some  encouragement  to  the  anticipation  that  the  discover- 
ies will  give  rise  to  important  metallurgical  works* 

I  here  present  a  review  of  the  various  deposits,  based  upon 
such  safe  information  as  is  in  hand,  when  I  have  not  drawn 
upon  my  personal  observations.  Fig.  1  is  a  map  of  Eastern 
Siberia,  showing  the  mineral  depositB, 
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Gold. 

During  the  past  two  years,  the  quantity  and  value  of  the  gold- 
production  of  the  Ussuri,  or  Vladivostok,  district  has  been  as 
follows.  The  area  included  extends  north  only  as  far  as  the 
Tumnine  river,  600  miles  from  Vladivostok. 

Quantity.  Value. 


1909. 

1910. 

1909. 

1910. 

Kilograms. 

Kilograms. 

Per  Ton. 

Per  Ton. 

Tumnine  river,     .     .     . 

.     44.611 

11.774 

$1.20 

12.40 

Nikolaevsk-Tumnine,    . 

.     80.438 

20.260 

1.50 

1.96 

Askold,  sands,       .     .     . 

.       0.433 

2.524 

0.40 

0.18 

Askold,  quartz,    .     .     . 

.     15.994 

6.185 

3.96 

1.25 

Ussuri  bay,       ... 

.       0.911 

0.55 
for77,( 

Total,  .... 

.   142  387 

40.743 

552  tons. 

The  production  is  small,  owing  to  the  present  exhaustion  of 
the  coastal  rivers  of  easy  access.  The  mining,  moreover,  is 
done  in  the  most  primitive  way.  For  the  quartz  of  Askold, 
there  is  a  5-8tamp  battery.  The  total  production  of  this  mine 
for  30  years  is  about  850  kg.,  valued  at  $500,000. 

Lately,  prospecting  has  begun  on  the  Iman  river,  and  as  a 
result,  7.5  kg.  of  gold  has  been  obtained  from  2,044  tons  of  ore. 
Gold  exists  in  the  small  creeks,  and  also  in  the  Iman  itself,  and 
on  the  terraces  of  a  probable  glacial  formation,  that  borders 
the  river.  Dredging,  as  well  as  hydraulicking,  may  in  time  be 
employed,  since  the  surrounding  hills,  more  than  300  m.  high, 
give  sufficient  fall  for  hydraulicking  purposes. 

The  natives  have  found  gold  in  the  Bikine,  Noto,  and  Khor 
rivers.     There  is  gold  also  along  the  Manchurian  boundary. 

There  are  some  quartz  veins  on  the  coast,  opposite  Askold, 
and  also  at  Sedimi  and  Adimi,  on  the  other  side  of  the  Amour- 
sky  zaliv  (gulf),  40  miles  from  Vladivostok.  The  veins  contain 
arsenical  pyrite,  and  antimonial  copper  sulphides,  in  a  gangue 
of  schists.  Large  outcrops  of  hornblende-granite,  and  a  black 
igneous  rock,  probably  a  gabbro,  occur  close  by. 

Calamine^  or  Zinc-Ores. 

The  discovery  of  calamine  in  Far-Eastern  Siberia  was  made 
by  me,  near  an  old  Chinese  lead-silver  mine.  The  old  diggings 
were  about  10  m.  deep  and  very  irregular.  Probably  the  Chi- 
nese had  a  way  of  their  own  of  separating  lead  from  silver  by 

[2] 


Digitized  by 


Google 


MINING    IN    THE    DISTRICT    OF    VLADIVOSTOK^  SIBERIA.       1027 

oxidizing   the    lead    eulphides.     Daring    the  smelHng-process 
the  greater  part  of  the  k^ad  seems  to  have  been  lost 

Prospecting  had  been  done  by  Bryner  &  Co*,  of  Vladivostok, 
since  1897*     This  firm,  in  1902,  showed  me  a  few  specimens  of 


MO  1^ 

SEA       ^    ^  . 

I    K    H    O     T_S    K\ 


FiQ.  1.— Map  op  Easterk  Siberia,  Showing  Minkral  Ueposiw. 

ore,  from  which  I  inferred  the  exiateiico  of  calamine.  Not  until 
1903  was  I  able  to  inspect  thti  phue,  iind  then  the  discovery 
was  an  easy  matter.  Only  one  familiar  with  mineralogy  would 
have  Buspeeted  the  value  of  this  white  ruck. 
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The  Tetiuhe  deposit  is  about  250  miles  from  Vladivostok  by 
sea,  and  21  miles  from  the  sea-shore.  The  distances  are  such 
that  with  sufficient  tonnage  mining  may  be  profitably  carried 
on.  After  two  or  three  months  of  prospecting,  more  than 
10,000  tons  of  ore  with  48  per  cent,  of  zinc  was  demonstrated. 

Unfortunately,  the  Japanese  war,  which  began  in  1904,  made 
the  resumption  of  work  impossible  until  1907.  A  road  was 
then  built  and  about  900  tons  of  calamine  was  shipped  to 
Europe.  During  1908  and  1909,  a  2-ft.  gauge  railway,  about 
86  km.  long,  was  constructed,  by  the  firm  of  Arthur  KoppeL 
The  loading-facilities  in  Titiuhe  bay  were  improved  by  a 
pier.  At  the  mines,  according  to  Russian  custom,  schools, 
hospital,  bath-house,  library,  and  many  other  buildings  were 
erected.  A  double-track  gravity  cable-tram  joined  the  mine 
and  the  railway.  The  telephone  and  telegraph  connected  all 
departments  and  the  manager  with  Olga  bay,  and  thus  with 
Vladivostok.  There  are  more  than  1,000  workingmen,  of 
whom  two-thirds  are  Chinese  and  Coreans.  At  Titiuhe  is  the 
largest  mining-camp  in  the  Vladivostok  district 

By  the  end  of  1911,  more  than  65,000  tons  of  calamine, 
averaging  48  per  cent,  of  zinc,  had  been  shipped.  There  is 
still  from  36,000  to  60,000  tons  of  ore  in  sight,  probably  con* 
taining  more  than  40  per  cent,  of  zinc. 

Like  similar  calamine-deposits,  the  Tetiuhe  ore  appears  in 
lenses  and  masses  of  irregular  shape  in  a  metamorphic  lime- 
stone. Such  lenses  are  called  griffons  in  Greece,  because  they 
extend  like  fingers  into  the  inclosing  rock.  It  is  a  metaso- 
matic,  or  replacement,  deposit  The  zinc  carbonate  has  re- 
placed the  calcium  carbonate  by  the  reaction  of  acid  solutions 
containing  the  zinc  sulphide,  or  blende,  upon  the  limestone. 
The  zinc-blende  and  galena  adjoining  the  calamine  constitute 
a  contact^deposit  along  the  border  of  a  huge  porphyry  sheet 
with  underlying  limestone.  In  the  porphyry  itself,  there  are 
some  lenses  of  the  sulphides,  galena,  zinc-blende,  and  pyrite. 
Apparently  some  silicic  acid  derived  from  the  porphyry  has 
given  rise  to  some  zinc  silicate,  which  is  mixed  with  the  cala- 
mine. As  copper  is  present,  the  calamine  is  sometimes  tinted 
with  the  blue  carbonate  and  the  red  oxide  of  copper,  so  that 
it  resembles  the  Mexican  herrerite. 

Among  the  metasomatic  minerals  produced  along  the  con- 
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tact  of  the  porphyry,  there  is  a  large  quantity  of  tremolite, 
crystallized  in  the  shape  of  needles  radiating  from  a  center.  It 
is  very  hard,  and  has  various  colors,  from  red  to  green,  accord- 
ing to  the  proportion  of  iron  present.  After  long  exposure, 
the  tremolite  undergoes  decomposition  and  becomes  very  soft, 
and  being  intermixed  with  galena  and  zinc-blende,  it  is  a  seri- 
ous drawback  in  the  separation  of  the  sulphides.  Among  the 
contact  rocks,  on  the  top  of  the  deposit,  there  are  also  some 
quartzites  and  some  black  metamorphic  slates. 

The  porphyry  is  a  quartz-porphyry  with  biotite  as  the  dark 
silicate,  and  with  some  crystals  of  zinc-blende.  It  has  a  dark- 
green  color,  is  very  compact,  and  often  looks  like  andesite  or 
one  of  the  more  recent  forms  of  dioritic  rocks.  On  the  upper 
parts  of  the  hill,  there  is  a  gray  porphyry  which  seems  to  be 
an  alteration-product  of  the  green  variety. 

The  limestone  is  Jurassic  in  age.  Fossils  are  scarce,  yet  a 
Cidaris  and  some  moUusks  have  been  found.  The  latter  have 
not  been  accurately  determined.  The  Jurassic  beds  run  par- 
allel with  the  8ikh-ot-alin  range,  but  with  many  interruptions. 
It  might  be  of  interest  to  prospect  this  range  of  mountains  to 
the  north  towards  Saghalien  island,  and  to  the  south  along 
the  intersection  with  the  sea-shore.  In  the  latter  area  the  cala- 
mine-deposits,  if  there  are  any,  would  be  more  advantageously 
situated.  But  so  far,  outside  Tetiuhe,  zinc  carbonate  has  not 
been  discovered. 

There  is  a  small  deposit  of  zinc  silicate  near  Olga,  60  miles 
south  from  Tetiuhe.  This  is  also  a  contact-deposit  in  connec- 
tion with  iron-ore  instead  of  lead-ore,  and  it  will  be  more 
properly  described  with  the  iron-deposits.  The  quantity  does 
not  seem  to  exceed  2,000  or  3,000  tons  of  zinc-ore. 

From  the  above  description,  it  may  be  inferred  that  there  is 
a  possibility  of  more  discoveries  of  calamine  along  the  Coast 
range,  as  was  the  case  with  similar  deposits  in  Sardinia,  Tunis, 
Mexico,  and  elsewhere.  If  found,  their  development  and  min- 
ing would  be  much  helped  by  the  experience  gained  on  the 
Tetiuhe  mines.  It  may  be  said  here  that  the  freight  to  Europe 
from  the  Tetiuhe  bay  is  only  25  shillings,  or  $5,  per  ton.  It 
may  also  be  remarked  as  an  important  consideration,  that  the 
price  of  calamine  in  Europe  (Antwerp,  Hamburg,  or  Dunkirk) 
fluctuates  with  the  market :   a  rough  ore  with  43  per  cent,  of 
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zinc,  and  with  the  zinc  at  £25  a  ton,  sells  at  £5.10,  or  aboat 
$27.50,  per  ton. 

Although  the  lead  and  zinc  sulphides  of  Tetiuhe  are  part  of 
the  same  deposit,  they  will  be  described  separately,  as  being 
entirely  different  ores  and  requiring  other  methods  of  mining 
and  treatment. 

Silver-Lead  Ores. 

The  main  silver-lead  deposit  at  present  is  the  Tetiuhe  mine, 
Fig.  2.  The  silver-ore  was  the  occasion  of  the  discovery  of  the 
calamine.     Prospecting-work  dates  back  to  1897,  but  the  mine 


Limestone     ^*..  ^^ 


Calamine 

Zinc  and  Lead  Sulphides 


S-:"'*  ik 


X.\ 


Fig.  2. — 8ketch  of  the  Mine  and  Works  of  Tetiuhe  (Sibebia) 
Zinc-  and  Lead-Deposit. 

was  developed  only  after  1907.  The  ore  is  an  intricate  aggregate 
of  the  sulphides — galena,  zinc-blende,  pyrite  and  gray  copper, 
in  a  gangue  of  tremolite  (actinolite).  The  different  constituents 
are  so  closely  mixed  that  no  hand-sorting  is  possible.  The 
proportion,  moreover,  of  silver  does  not  vary  so  much  with  the 
lead  sulphides  as  with  the  copper  sulphides  (or  gray  copper), 
and  as  this  last  constituent  is  scarcely  visible,  being  so  scarce, 
no  separation  can  be  made  except  afler  fine  crushing. 

I  have  previously  described  this  deposit  as  a  contact  between 
the  limestone  and  a  blanket  of  porphyry  which  appears  towards 
the  outside  of  the  hill,  making  possible  the  opening  of  the  ore 
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bj  short  adits.  The  contact-lenses  are  most  developed,  but  in 
the  lower  part  of  the  mine  there  are,  besides,  a  few  segrega- 
tions of  sulphides  in  the  igneous  magma  itself  (magmatic  in- 
clusions). The  constituents  are  the  same,  so  that  one  may  infer 
their  close  relations  to  the  contact-lenses.  A  deposit  of  this 
kind  is  of  course  very  irregular,  but  the  type  is  not  scarce  in 
Siberia,  where  many  lenses  of  lead-silver  ores  have  been 
worked  in  the  Altai  and  Nertchinsk  districts,  as  will  be  de- 
scribed hereafter. 

The  total  amount  of  underground  works  at  Tetiuhe  for  de- 
veloping the  calamine,  and  simultaneously  the  lead-ores,  is 
about  4  km.  of  tunnels  in  16  levels  on  a  total  elevation  of  170  m. 
These  figures  include  neither  the  shafts  and  stopes,  nor  the  big 
open-cuts  for  the  calamine.  All  the  great  stopes  are  practi- 
cally development- work  for  the  lead-silver  ore-bodies. 

The  total  amount  of  sulphides  thus  developed  may  be  esti- 
mated roughly  at  between  200,000  and  260,000  tons,  and  the 
question  at  present  is  how  to  make  the  most  of  them.  The 
first  experimental  runs  for  a  concentrating-plant  have  been 
made  in  Europe,  with  the  ultimate  plan  of  erecting  a  plant  at 
the  mouth  of  the  Tetiuhe  river.  The  treatment  of  various 
«imilar  deposits  in  the  neighboring  valleys  of  Tatushe,  Olga, 
Preobrajenie,  Djighit,  etc.,  would  eventually  give  rise  to  a  cus- 
tom concentrating-plant,  as  in  many  districts  of  the  United 
States  and  Mexico. 

There  are  other  lead-silver  deposits  of  the  same  kind  in  Si- 
beria. The  one  most  closely  similar,  and  also  the  nearest,  is 
that  of  Nertchinsk,  where  some  calamine,  or  zinc  silicate,  was 
■discovered  long  ago.  The  total  number  of  mines  at  Nertchinsk 
has  reached  448,  of  which  306  are  in  the  limestone.  There 
were  14  main  deposits.  The  largest  have  produced  170,000 
tons.  The  average  proportion  of  lead  has  been  2.69  per  cent., 
and  the  silver  283  g.  (9 J  oz.)  per  ton,  in  a  total  production  of 
1,457,000  tons,  extending  over  167  years,  from  1703  to  1870. 
Recently  the  production  has  fallen  to  an  almost  insignificant 
amount. 

It  is  not  at  all  impossible  that  the  district  of  Vladivostok 
may  also  become  an  important  producer  of  lead,  with  the 
eventual  erection  of  a  smelting-plant  at  some  convenient  place. 

It  should  be  noted  that  the  smelting-furnaces  of  small  ca- 
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pacity,  which  could  be  erected  in  former  times,  are  now  no 
longer  possible.  The  cost  of  labor  is  much  higher,  while  at 
the  same  time  the  value  of  lead  and  silver  has  greatly  di- 
minished. Plants  of  large  capacity,  although  expensive  to 
build,  can  be  worked  economically  when  the  general  expenses 
are  distributed  over  a  correspondingly  large  tonnage  of  ore. 

Copper-Deposits. 

Copper  was  known  to  exist  in  the  Vladivostok  district  as 
early  as  1902,  at  the  time  of  my  first  visit,  but  even  now,  in 
1912,  the  amount  of  prospecting  is  small.  Yet  the  copper- 
deposits  are  really  of  interest.  In  some  places  they  are  true 
fissure-veins  in  andesite.  In  the  Djighit  valley,  north  of  Teti- 
uhe,  they  are  not  far  from  the  sea.  The  thickness  of  the  veins 
is  about  2  ft.,  and  the  vein-matter  is  quartz  and  copper  pyrite. 
The  location,  about  100  m.  above  the  river,  is  very  favorable, 
and  the  proportion  of  copper  seems  high. 

There  are  also  some  copper-ores  (gray  copper)  in  the  lime- 
stone of  the  Tetiuhe  valley,  along  the  contact  with  the  por- 
phyry. Some  copper-ore  also  appears  in  the  lead-zinc  ores  of 
Tetiuhe.  Such  deposits,  while  less  interesting  than  veins,  may 
yet  possess  importance  should  the  copper-smelting  industry 
take  root  in  the  district. 

There  is  a  premium  of  £12,  or  $60,  per  ton  of  copper  pro- 
duced in  Russian  territory,  and  there  is  also  a  premium  of 
£4.  65.,  or  $21,  per  ton  of  lead.  This  award  was  evidently 
made  to  encourage  the  smelting  industry  in  Eastern  Siberia. 

There  is  some  iron-ore  near  Nicolaevsk,  at  the  mouth  of 
the  Amur  river,  but  the  locality  is  outside  of  our  district.  In 
the  Vladivostok  district,  there  are  two  iron-deposits,  a  short 
distance  from  each  other,  the  one  near  Olga  bay,  and  the  other 
near  Vladimir  bay.  They  are  segregation-  and  contact-deposits, 
in  and  between  granite  or  porphyry  and  limestone.  The  latter 
has  been  metamorphosed  to  marble,  with  a  thin  crust  of  cala- 
mine, or  zinc  silicate,  which  must  have  been  derived  from  small 
patches  of  zinc  sulphide  in  the  vicinity. 

The  ore  is  magnetite,  either  pure  or  mixed  with  garnet  and 
actinolite  or  tremolite,the  same  contact-minerals  which  appear 
at  Tetiuhe.     Titanium  also  was  found  in  a  few  analyses.     That 
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there  are  some  sulphides  in  the  neighborhood,  I  infer  from  the 
Chinese  shafts,  which  have  not  yet  been  reopened,  but  which 
were  very  likely  sunk  for  silver-lead  ores.  This  magmatic  ore 
seems  to  have  originated  from  the  porphyry,  which  is  more 
ancient  than  the  granite.  The  granite  breaks  through  the  por- 
phyry dike. 

An  estimation  of  tonnage  is  difficult,  owing  to  the  irregular 
shape  of  the  deposit  and  the  lack  of  sufficient  development. 
Some  have  thought  that  both  deposits  together  may  contain 
1,600,000  tons. 

The  Vladimir  deposit  is  a  little  the  more  developed  of  the 
two.  There  is  a  tunnel  100  m.  long,  and  there  are  several 
shafts.  The  ore  is  magnetite,  and  ranges  from  45  to  63  per 
cent,  of  iron.  Rocks  and  minerals  like  those  at  Olga  outcrop 
around  the  deposit. 

Chromium^  Platinum,  Quicksilver^  Manganese. 

There  is  a  chromium-deposit  in  the  northern  part  of  this 
ITssuri  district,  which,  conformably  with  the  usual  experience, 
is  in  serpentine,  but  no  development-work  has  been  done 
upon  it. 

The  manganese-deposits  which  appear  in  connection  with 
limestone,  have  also  not  been  developed. 

Platinum  was  discovered  at  the  mouth  of  the  Amadyr  river 
many  years  ago,  but  probably  the  alluvial  sands  are  unwork- 
able. More  recently,  iridium  has  been  found  in  one  of  the 
coast  rivers,  with  the  alluvial  gold.  It  lies  close  to  the  Man- 
churian  boundary,  where  I  personally  examined  the  occur- 
rence.     Quicksilver  has  been  reported  in  the  Amadyr  valley. 

CoalrDeposits. 

There  are  numerous  coal-seams  in  the  Vladivostok  district, 
including  Saghalien  island.  The  coal-measures  seem  to  exist 
all  along  the  Sikh-ot-alin  range,  which  runs  parallel  to  the 
coast  until  cut  out  in  its  southern  end  by  the  sea,  making  the 
salient  rias  of  the  Vladivostok  coast.  The  Sikh-ot-alin  is  a 
folded  chain.  The  strata  are  dislocated,  especially  the  oldest 
formation,  a  fact  liable  to  affect  also  the  coal-deposits.  There 
are  three  distinct  coal- formations :  the  lignites,  the  Mesozoic 
and  Tertiary  coals,  and  the  anthracites. 
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The  lignites  are  worked  about  25  miles  from  Vladivostok ; 
the  production  was  10,700  tons  in  1910,  and  about  as  much 
annually  in  several  preceding  years.  The  Mesozoic  and  Ter- 
tiary coals  are  found  on  the  island  of  Saghalien.  There, 
before  the  Japanese  war,  in  various  places  the  production  was 
from  25,000  to  80,000  tons  a  year;  the  output  diminished  ta 
11,500  tons  in  1910.  The  seams  are  much  tilted,  in  fact 
almost  to  the  vertical.  The  most  ancient  horizon  is  the  upper 
Cretaceous  (Senonian),  but  the  largest  seams  are  in  the  lower 
Tertiary,  adjoining  the  Cretaceous.  They  follow  a  N-8.  line^ 
about  90  miles  long.  The  Miocene  and  Pliocene  formations 
also  contain  some  coal-seams.  Among  the  best  of  the  Sag- 
halien coals  is  the  product  of  the  Pilevo  mine,  containing  from 
70  to  85  per  cent,  of  carbon.  Pilevo  enjoys,  moreover,  the 
rare  advantage  of  a  partly-protected  harbor,  while  the  whole 
western  coast  of  Saghalien,  with  its  coal-mines,  has  no  harbor. 

The  anthracites  occur  east  and  west  of  Vladivostok.  The 
most  important  mine  at  present  is  Su-Tchang,  which  belongs 
to  the  Crown.  This  mine,  about  85  miles  from  Vladivostok, 
is  connected  with  the  city  by  railroad.  The  coal  is  some- 
what poor  inequality,  and  is  very  brittle.  Its  calorific  value  is 
25  per  cent,  lower  than  that  of  Cardiff*  coal.  This  coal  is  used 
by  steamers,  because  there  is  nothing  else  to  be  had,  but  it  is 
far  from  satisfactory.  The  annual  production  of  8u-Tchang  is 
between  120,000  and  200,000  tons.  The  working-costs  are 
very  high,  and  the  mine  would  probably  be  abandoned  if 
another  deposit  of  superior  quality  were  available. 

New  developments  are  probable  at  Mangugai,  where  there 
is  a  coal  containing  76  per  cent,  of  carbon.  Mangugai  is  24 
miles  from  Vladivostok,  half  way  by  sea,  and  halfway  by  land. 
Tests  have  been  made  in  comparison  with  Cardiff"  coal,  and 
the  calorific  value  was  nearly  the  same.  The  seams  dip  at  a 
gentle  angle,  from  16°  to  24°,  and  run  N.  48°  E.,  or  about  par- 
allel with  the  Sikh-o1>alin  range.  But  little  development-work 
has  been  done  as  yet.  There  are  several  seams,  the  best  one 
being  from  2  to  3  ft.  thick.  The  Saghalien  seams  occasionally 
are  6  ft.  thick,  with  a  firm  roof  and  floor.  It  is  hard  to  believe 
that  so  little  work  has  been  done  when  the  conditions  are  bo 
favorable. 

As  regards  consumption,  there  is  a  fairly-large  market  at 
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Vladivostok.  More  than  350  steamers  arrive  annually,  each 
requiring  an  average  of  1,000  tons  of  coal.  The  Japanese 
coals  are  inferior  to  the  Mangugai  coals,  and  the  Chine&e  coal 
is  also  probably  inferior.  Both  are  too  far  away  to  compete 
with  them.  China,  with  six  principal  mines,  has  sold  in  1910 
more  than  4,600,000  tons  of  coal,  as  follows : 


Kaiping,  near  Tien-Tsin, 
Fushun  (Mukden),  near  Mukden, 
Ping-Siang,  near  Kiao-Tchow, 
Shan-Tung,  near  Kiao-Tchow, 
Lanchow,  near  Tien  Tsin, 
Pekin-Syndicate,  near  Tien  Tain, 


1,174,000  tons. 
830,000  tons. 
610,000  tons. 
483,000  tons. 
360,000  ions. 
357,000  tons. 


These  deposits  belong  mainly  to  English  and  German  com- 
panies, and  would  not  aftect  in  any  way  the  coal-market  of 
Vladivostok. 

OilrDeposUs. 

Oil  has  been  struck  on  the  island  of  Saghalien.  The  Ter- 
tiary formations  have  been  penetrated  under  a  thick  cover 
of  post-Pliocene  strata  which  overlie  transgressively  the  oil- 
formations,  supposed  to  be  Miocene. 

The  oil-strata  ought  to  extend  about  170  miles  north  and 
south.  All  the  oil  locations  follow  this  line  along  the  eastern 
coast,  while  coal  is  on  the  western  coast.  The  direction  runs 
parallel  with  the  tectonic  back-bone  of  the  island,  yet  the  loca- 
tions of  oil  are  in  three  different  horizons,  with  no  decision  as 
yet  as  to  which  is  the  best  one. 

According  to  similar  conditions  in  Japan,  the  average  con- 
tent of  the  sands  would  be  between  80  and  50  per  cent,  of 
petroleum,  perhaps  higher.  More  prospecting-work  across  the 
post-Pliocene  beds  will  be  required  in  order  to  ascertain 
whether  the  pools  will  be  commercially  productive. 
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The  St.  Helens  Mining-District. 

BY  HORACE  V.    WINCHBLL,  MINNEAPOLIS,   MfNN. 
(Cleveland  Meeting,  October,  1912.) 

Location. 
The  St.  Helens  mining-district,  indicated  in  sketch-map,  Fig. 
1,  is  chiefly  in  Townships  9  and  10  North,  Ranges  5  and  6  East, 
of  the  Willamette  meridian,  in  Skamania  county.  Wash.  There 
is  no  railroad  or  even  a  wagon-road  at  present  connecting  it 
with  any  base  of  supplies ;  access  is  usually  by  wagon-road  for 


Fig.  1. — Sketch-Map  of  the  State  of  Washington. 

about  50  miles  from  the  town  of  Castle  Rock  to  Spirit  lake, 
and  from  that  point  by  pony-trail  from  6  to  10  miles  farther. 

History, 

Nearly  20  years  ago  two  German  farmers,  totally  inexperi- 

-enced  in  prospecting,  penetrated  this  region  upon  a  hunting- 

and  fishing-trip.     Their  attention  was  drawn  to  numerous  joints 

and  crevices  filled  with  black,  glistening  tourmaline,  and  con- 
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taining  interspersed  crystals  of  pyrite,  chalcopyrite,  arseno- 
pyrite,  specular  hematite,  magnetite,  and  occasionally  galena 
and  zinc-blende.  It  seemed  to  them  that  they  had  stumbled 
upon  a  veritable  Golconda,  perhaps  the  center  of  mineralization 
of  the  entire  region.  After  making  as  many  mining-locations 
as  possible,  considering  their  limited  supply  of  food,  they  re- 
turned to  their  homes  with  all  the  sensations  of  millionaires, 
and  a  determination  to  come  again  in  the  following  spring  and 
locate  a  few  more  bonanza  mines. 

From  the  enthusiasm  born  of  ignorance,  and  solely  through 
the  reports  and  specimens  of  these  two  men,  the  prospecting- 
fever  spread  so  rapidly  that  within  three  years  there  were  500 
men  in  the  district,  and  locations  were  made  without  number. 
The  proprietors  of  a  German  newspaper  published  in  Milwau- 
kee became  interested.  They  furnished  the  capital ;  and  under 
the  advice  of  their  "  expert,"  who  was  naturally  one  of  the  dis- 
coverers of  the  district,  spent  many  thousands  of  dollars  in 
prospecting-work.  Mining  companies  of  large  capitalization 
were  organized,  and  stock  sold  broadcast.  Thousands  of  feet 
of  tunnel  were  driven  for  the  purpose  of  penetrating  and  expos- 
ing to  view  the  enormous  bodies  of  ores,  the  existence  of  which 
was  supposed  to  be  demonstrated  by  the  tourmaline  seams  so 
abundant  on  the  surface.  The  developments  were  not  altogether 
satisfactory  even  to  the  dream-blinded  journalists,  and  they 
finally  concluded  to  take  a  moderate  price  by  selling  for  a  few 
paltry  millions  to  an  English  syndicate.  Then  came  the  first 
inspection  of  the  district  by  a  man  of  some  knowledge,  and  a 
report  which  suddenly  stopped  the  expenditure  of  money.  But 
the  German  prospectors  were  not  to  be  so  lightly  divested  of 
the  rightful  fruits  of  their  discoveries.  Others  were  interested, 
other  companies  were  incorporated ;  abandoned  claims  were  re- 
located and  more  stock  sold,  and  in  the  course  of  time  these 
mining-claims  came  to  have  a  real  value  for  the  timber  with 
which  they  were  covered ;  and  indeed  some  of  it  is  wonderful. 
In  order  to  secure  this  timber,  mining-locations  were  plastered 
over  the  country  in  solid  blocks  with  parallel  end-lines  and 
side-lines  covering  thousands  of  acres ;  and  in  order  to  keep 
up  the  pretensions  of  a  mining-region,  more  tunnels  were 
driven  into  the  solid  rock  following  the  tourmaline-joints. 

The    total    amount    of   development-work    in    the    district 
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amounts  to  about  11,000  ft.,  most  of  which  I  examined  in  the 
fall  of  1911. 

Topography  and  Climate, 

The  elevation  ranges  from  less  than  2,000  ft.  above  the  sea- 
level  to  nearly  5,000  ft.  The  country  in  general  is  covered 
with  a  heavy  growth  of  forest  primeval.  The  undergrowth  is 
abundant,  and  consists  largely  of  huckleberry  bushes,  devil's 
club,  and  other  shrubs,  which  frequently  make  it  impossible  to 
see  any  considerable  distance  ahead  through  the  forest.  The 
soil  and  wash  covering  the  solid  formation  have  a  considerable 
depth.  There  is  a  mantle  of  pumice-stone,  derived  from  near- 
by extinct  volcanoes,  which  in  many  places  has  a  thickness  of 
several  feet.  The  rocks  are  generally  concealed  from  observa- 
tion. The  only  places  where  exposures  are  continuous  and 
clear  for  any  considerable  distances  are  the  gorges  of  the 
mountain  torrents  and  the  tops  of  mountains,  where  the  rocks 
project  in  steep  bluffs.  Sometimes  such  outcrops  are  found 
along  and  in  the  vicinity  of  Green  river,  which  follows  the  main 
axis  of  depression  throughout  this  district  in  a  N-NW.  direc- 
tion. The  snow-falls  and  rain-falls  are  evidently  heavy,  and  the 
result  upon  the  surface  of  the  country-rock  is  that  of  a  rapid 
erosion.  There  has  also  been  in  recent  times  a  glacial  mantle 
covering  considerable  areas,  as  is  shown  by  the  glacial  stria- 
tions  upon  surfaces  of  exposed  country-rock.  The  mountain 
torrents  usually  flow  over  bare  country-rock  which  is  smooth 
and  precipitous,  and  frequently  marked  by  joints  or  slight 
steps.  At  other  times  it  is  almost  as  smooth  as  a  toboggan- 
slide,  making  what  is  known  in  the  Alps  as  a  "glissade." 
These  glissades  are  numerous  and  afford  excellent  exposures 
along  a  narrow  belt  of  the  underlying  country-rock. 

Geology. 

Geologically,  the  country  embraced  within  this  district  is 
comparatively  recent.  The  main  mass  of  the  country-rock  con- 
sists of  diorite,  a  deep-seated  eruptive  of  granitoid  texture,  con- 
sisting chiefly  of  plagioclase  or  soda-lime  feldspar,  and  horn- 
blende. With  a  very  few  exceptions,  to  be  noted  later,  this 
rock  is  everywhere  extremely  fresh,  comparatively  uniform  in 
texture,  and  seldom  contains  visible  quartz  crystals.     Towards 

[3] 

Digitized  by  VjOOQ IC 


1040  THE   ST.    HELENS    MINING-DISTRICT. 

the  northern  portion  of  the  district,  however,  quartz  is  noticed 
and  the  rock  there  is  a  quartz-diorite.  In  this  diorite  are  many 
secondary  or  associated  minerals.  The  so-called  accessory  min- 
erals of  marked  importance  and  significance  are  pyrite,  tour- 
maline, chalcopyrite,  specular  hematite,  magnetite,  and  epidote. 
These  minerals  are  in  this  instance  not  vein-minerals,  but  are 
accessory  minerals  belonging  to  the  diorite  itself. 

The  other  rocks  present  include  andesite  and  basalt.  The 
andesite  is  later  than  the  diorite  and  penetrates  it  in  the  shape 
of  dikes.  There  are  not  so  many  or  so  largely  developed  ac- 
cessory minerals  in  the  andesite  as  in  the  diorite. 

The  basalt  is  found  only  in  the  NW.  corner  of  the  district 
It  is  a  dark-colored  basic  eruptive  rock,  fine  grained,  and  per- 
haps the  product  of  a  more  recent  igneous  activity  which  has 
broken  out  since  the  cooling  of  the  diorite.  ISTo  accessory 
minerals  of  any  considerable  quantity  were  noted  in  the  basalt. 
Basalt  and  andesite  tuff  are  neither  of  them  formations  of  such 
origin,  age,  or  history  as  to  be  particularly  favorable  for  the 
deposition  of  ore. 

Joints  are  fairly  abundant,  although  over  many  portions  of 
the  district  the  interspaces  are  from  10  to  20  ft.  broad. 

Attractive  to  the  Prospector. 

Situated  in  a  region  of  good  climate,  abundant  water,  and 
ample  shelter,  with  structural  material  upon  either  hand,  af- 
fording fuel  at  his  door,  the  St.  Helens  district  a  few  years 
ago,  though  generally  unknown  and  mountainous,  must  have 
been  decidedly  stimulating  to  the  imagination  of  the  average 
prospector. 

Upon  first  going  to  the  St.  Helens  district  he  would  observe 
in  the  water-courses  and  in  the  outcroppings  of  rock  those 
indications  of  mineral  which  the  surface  affords,  and  nowhere 
any  excavation  to  disclose  what  the  underlying  rock  contains. 
The  rocks  present  smooth,  bare  exposures,  in  which  any  struc- 
tural features  are  plainly  evident.  There  has  been  a  slight  sur- 
ficial  iron-staining  in  the  vicinity  of  joints  and  crevices.  There 
are  upon  the  surface,  scattered  throughout  the  rock  and  asso- 
ciated with  joints  and  other  crevices,  pyrite,  chalcopyrite,  specu- 
lar hematite,  magnetite,  tourmaline,  epidote,  and  occasionally 
arsenopyrite,  galena,  and  sphalerite.     All  of  these  minerals  in 
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disseminated  particles  or  in  thin  bands  of  segregation  are  of 
frequent  occurrence. 

Another  favorable  feature  in  connection  with  this  district  is 
the  possibility  of  exploring  to  considerable  depth  by  driving 
tunnels  of  no  great  length  into  the  mountain-side  at  almost  any 
point  without  the  necessity  of  expensive  machinery ;  and  with- 
out having  at  his  command  financial  resources  of  any  consider- 
able importance,  the  prospector  is  able  by  his  own  efforts  to 
investigate  the  underground  conditions  and  the  significance 
and  value  of  those  indications  which  are  found  upon  the 
surface.  To  the  experienced  prospector,  the  indications  will 
not  seem  important  or  attractive,  even  upon  its  surface.  To 
the  inexperienced  prospector,  who  is  unable  to  distinguish 
specular  hematite  from  galena,  who  cannot  tell  gray  copper 
from  a  mixture  of  pyrite  and  arsenopyrite,  who  does  not  know 
the  difference  between  chalcopyrite  and  tarnished  massive 
pyrite,  there  would  probably  be  an  inducement  to  perform 
some  work  of  exploration.  He  could  even  procure,  as  the 
result  of  hundreds  of  dollars'  worth  of  work  and  weeks  and 
months  of  labor,  an  occasional  specimen  for  exhibit  and  even 
for  assay,  a  specimen  which  might  attract  the  attention  of  men 
with  money,  who  themselves  were  unacquainted  with  mining 
and  geology, — specimens  which,  lying  in  a  broker's  office, 
might  sell  stock  to  the  uninformed.  The  prospector  of  expe- 
rience would  notice  that  there  are  no  large  placer-deposits. 
This  is  of  peculiar  significance  and  importance.  In  almost 
every  region  and  mining-district  where  sulphide  ore-deposits 
exist  in  large  quantity,  and  where  there  has  been  superficial 
oxidation,  decomposition  of  the  rocks,  and  accumulation  in  the 
valleys  of  the  products  of  erosion,  the  insoluble  gold  and  silver 
of  the  ores  have  been  accumulated  in  the  form  of  metallic  pro- 
ducts in  sufficient  quantity  to  make  placer-mining  profitable. 
The  St.  Helens  district  is  conspicuously  devoid  of  such  deposits. 
The  country  is  a  region  of  young  topography.  The  valleys  are 
new.  They  are  not  filled  with  any  considerable  quantity  of 
gravel.  Throughout  the  entire  district  which  came  under  my 
observation,  there  is  no  indication  of  an  accumulation  of  min- 
eralized material  or  of  free  gold  in  placers. 

Another  thing  which  would  strike  the  attention  of  the  expe- 
rienced prospector  is  the  universal  absence  of  quartz  in  vein 
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outcroppingB  and  in  float.  In  other  districts  where  large 
quartz  veins  occur,  they  are  usually,  although  not  always, 
harder  than  the  country-rock  in  which  they  are  inclosed.  As 
a  result,  during  the  progress  of  erosion,  the  quartz  veins  pro- 
ject above  the  surface  of  the  surrounding  country  and  finally 
are  worn  down  in  fragments,  and  "  float  quartz  "  has  been  the 
means  of  guiding  by  far  the  larger  number  of  prospectors  to 
the  veins  which  they  are  seeking  and  from  which  the  quartz 
has  been  derived.  No  such  quartz  has  been  found  in  this 
district. 

Still  another  fact  would  impress  itself  upon  the  experienced 
prospector,  and  that  is  the  entire  absence  of  gossan  or  iron-hat. 
Everywhere  sulphide  minerals  occur  in  the  rocks  at  the  surface 
and  in  the  joints  within  a  few  feet  of  the  surface.  So  thorough 
has  been  glacial  scouring,  so  rapid  has  been  erosion,  that  oxida- 
tion has  hardly  begun. 

The  iron-hat,  or  gossan,  frequently  referred  to  as  an  impor- 
tant and  valuable  indication  of  ores  in  depth,  is  a  zone  of  de- 
cayed and  oxidized  rock  which  covers  the  upper  portion  of  veins 
and  country-rock  alike.  The  country-rock  may  not  be  rotted 
and  oxidized  to  such  a  depth  as  the  veins,  but  in  any  district 
where  there  is  extensive  gossan,  the  country-rock  also  is  deeply 
rotted  and  oxidized.  Now,  this  means  that  the  sulphide  min- 
erals have  been  almost  entirely  removed.  No  iron-hat  exists 
where  fresh,  bright,  glittering  pyrite  and  chalcopyrite  minerals 
occur  within  a  few  inches  of  the  surface.  No  gossan  exists 
where  the  ferro-magnesian  minerals  of  the  eruptive  rocks  are 
perfectly  fresh  and  sharp  and  bright,  and  where  the  feldspar 
shows  no  trace  of  decay.  Furthermore,  if  the  prospector  were 
to  enter  this  district  to-day  and  see  what  is  to  be  seen  under- 
ground in  many  tunnels,  he  would  discover  no  secondary  enrich- 
ment. The  natural,  universal,  and  inevitable  result  of  the  oxida- 
tion of  sulphide  minerals,  such  as  pyrite  and  chalcopyrite,  in  a 
vein  or  mass  of  country-rock,  and  its  downward  percolation  into 
the  rocks  below,  is  the  formation  of  secondary  sulphide  minerals. 
The  principal  secondary  sulphide  of  copper  is  copper-glance,  or 
chalcocite.  This  mineral  is  universally  found  where  pyrite  and 
chalcopyrite  have  been  dissolved  and  carried  downward  through 
and  along  the  unoxidized  minerals  below.  The  only  possible 
exception  to  this  statement  just  made  is  in  a  limestone-region 
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where  the  carbonate  of  lime  is  so  soluble  and  occurs  in  such 
quantity  that  it  may  precipitate  from  the  sulphate  solution  all 
of  the  copper  as  carbonates.  This  seldom  occurs,  and  even  in 
our  largest  limestone  copper-camp,  at  Bisbee,  Ariz.,  although 
the  carbonates  are  abundant  immediately  beneath  the  surface, 
the  larger  portion  of  the  ore  is  secondary  "  glance." 

Another  thing  which  would  impress  the  experienced  pros 
pector  at  the  outset,  and  the  average  prospector  if  he  saw  the 
district  to-day,  is  the  universal  fact  that  there  is  no  improve- 
ment or  increase  of  mineralization  as  depth  is  gained  in  the 
prospecting-work  already  performed.  On  the  contrary,  there 
is  a  general  rapid  diminution  of  alteration  of  the  country-rock. 
There  is  no  ore  in  commercial  quantity.  There  are  only  speci- 
mens, and  the  specimens  are  obtained  by  handling  and  extracting 
many  tons  of  rock  for  one  ton  of  specimens.  The  last  phenom- 
enon which  would  impress  itself  upon  the  notice  of  the  intelli- 
gent prospector  is  the  absence  of  softening  and  alteration  of  the 
country-rock  adjacent  to  the  joints  and  seams.  Wherever 
vein-mineralization  has  been  extensive  and  important,  and  has 
effected  the  deposition  of  valuable  ore-deposits,  the  adjacent 
rock  is  usually  widely  decayed  and  altered,  not  by  oxidation, 
not  by  weathering,  not  by  any  surface-action,  but  through  the 
solvent  action  of  the  solutions  which  deposited  the  ore  in  the 
veins.  In  Butte,  for  example,  the  granite  and  porphyritic  rock 
inclosing  the  veins  is  altered,  decayed,  and  mineralized  with 
pyrite  for  hundreds  of  feet  away  from  the  main  channels  of 
mineralization.  No  such  alteration  occurs  here.  On  the  con- 
trary, the  country-rock  is  bright,  fresh,  clean,  hard,  and  ringing 
within  a  few  inches  of  the  joints. 

A  prospector  who  has  some  knowledge  of  mineralogy  and  of 
the  origin  of  minerals  would  be  impressed  by  one  or  two  addi- 
tional facts.  The  joints  are  associated  with  and  enlarged  by 
deposits  of  epidote,  tourmaline,  and  magnetite.  Tourmaline  is 
a  mineral  formed  from  vapors.  It  is  what  is  known  as  a  fuma- 
rolic  or  pneumatolytic  mineral.  It  is  not  formed  by  ordinary 
vein-waters.  It  occurs  in  the  vicinity  of  and  along  joints,  and 
it  was  deposited  before  the  rocks  were  cold,  and  possibly  before 
they  were  sufficiently  cool  to  enable  vein-solutions  to  exist. 
The  chalcopyrite  in  this  entire  district  is  so  universally  asso- 
ciated with  this  mineral  and  with  specular  hematite,  magnetite. 
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epidote,  and  the  usual  concomitant  sulphide  minerals,  such  a& 
arsenopyrite,  sphalerite,  and  galena,  that  there  can  be  no  ques- 
tion whatever  as  to  the  date  and  manner  of  deposition ;  the 
origin  of  these  sulphide  minerals  in  the  joints  and  associated 
with  the  joints  is  pneumatolytic.  Pneumatolytic  copper-tour- 
maline ores  are  rarely  deposited  in  sufficient  quantity  to  make 
important  copper-mines.  They  represent  the  initial  stages  of 
mineralization,  and  where  they  still  occur  in  their  original 
character  and  position  there  is  seldom  anything  of  value. 

There  has  been  one  other  form  of  deposit  of  copper  and  iron 
sulphides  in  the  St.  Helens  district :  that  is,  purely  magmatic 
segregations  of  sulphide  from  a  molten  mass,  just  as  matte 
separates  from  the  slag  in  the  slag-pot.  This  form  of  deposit 
is  exemplified  at  the  Polar  Star;  where  there  are  the  usual 
blotchy  and  scattering  bunches  of  sulphide  minerals  in  the  solid 
unaltered  country-rock. 

The  prospector  of  judgment  and  experience  must  be  a  man 
of  some  knowledge  of  geology  and  mineralogy.  He  must  have 
some  conception  as  to  the  conditions  under  which  ores  can  be 
worked  profitably,  and  how  much  ore  it  takes  to  make  a  mine. 
Such  a  prospector  going  into  this  district  to-day  could  not  fail 
to  see  on  every  hand  evidences  of  disappointing  results  and  of 
general  barrenness. 

In  the  preparation  of  the  above  description,  from  25  to  30 
different  claims  and  groups  of  claims  were  examined.  The 
amount  of  development  varied  from  several  hundred  feet  of 
tunnel  and  drifts  to  small  open  pits.  The  maximum  showing 
on  which  this  work  was  based  was  a  brecciated  zone  6  ft.  wide; 
the  minimum  was  a  mere  joint-crack.  In  the  commonest 
experience  there  had  been  revealed  fi*om  1  to  2  ft,  of  brecciated 
or  sheeted  rock,  with  small  but  practically  barren  veinlets.  At 
the  best,  after  hand-sorting  many  tons  of  the  run  of  the  mine, 
comparatively  few  pounds  of  low-grade  copper  sulphides  were 
obtained  and  other  ores  are  almost  entirely  absent. 


[8] 
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[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.} 


A  Titaniferous  Iron-Ore  Deposit  in  Boulder  County,  Colo» 

BY  E.    P.  JENNINGS,  SALT  LAKE  OITT,  UTAH. 
(Cleyeland  Meeting,  October,  1912.) 

Large  deposits  of  titaniferous  iron-ore  occur  at  Caribou,  an 
old  silver-mining  camp  in  Boulder  county,  Colo.,  17  miles  west 
by  south  of  Boulder,  and  a  few  miles  northwest  of  the  tung- 
sten-mines. Professor  Regis  Chauvenet  *  published  a  part 
analysis  of  the  ore  many  years  ago,  but  gave  no  description  of 
the  wall-rock. 

Caribou  hill,  which  contains  both  the  silver-bearing  veins 
and  the  iron-ore  deposits,  is  a  low  dome  of  gabbro  surrounded 
by  the  Archaean  schists  and  gneisses  of  the  Front  range  of 
the  Rocky  mountains,  the  peaks  of  which,  a  few  miles  west  of 
Caribou,  attain  an  elevation  exceeding  12,000  ft.  The  gab- 
bro stock  is  roughly  elliptical  in  outline,  with  approximate 
diameters  of  1  and  3  miles.  The  crest  of  the  dome  is  10,500  ft. 
above  sea-level,  and  the  town  and  ore-deposits  are  500  ft.  lower. 
Outcrops  of  the  iron-ore  occur  in  the  town  and  extend  ISTW. 
for  2,000  ft.,  where  they  disappear  under  the  swampy  meadows 
of  Caribou  park.  Portions  of  the  deposit  are  covered  by  drift, 
but  one  continuous  outcrop  is  900  ft.  long  and  from  200  to  250 
ft.  wide.  A  second  deposit  is  0.25  mile  south  of  the  town 
along  the  eastern  slope  of  the  hill.  It  is  not  as  well  defined  a& 
the  north  bed,  but  is  approximately  1,000  ft.  long  and  from 
100  to  200  ft.  wide.  The  easily  disintegrated  ore  does  not 
form  prominent  outcrops,  but  the  outlines  of  the  deposits  are 
readily  traced  by  the  large  amount  of  ore  fragments  that  cover 
the  ground.  Trenches  and  pits  sunk  on  the  outcrop  expose  a 
roughly  banded  magnetic  iron-are,  with  pyroxene  as  the  prin- 
cipal gangue-mineral. 

The  Gabbro. 

This  rock  was  classified  in  the  field  as  a  gabbro  from  the 
presence  of  pyroxene  and  striated  feldspars,  and  for  conven- 
ience the  field-name  will  be  retained. 


'  Chauvenet,  Regis,  Biennial  Report  of  State  School  of  Mijies,  Golden,  Ck)lo.^ 
p.  16  (1886). 
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Megascopic  Characters. 

The  rock  is  light  to  dark  gray,  even-grained  and  granular. 
It  weathers  light  brown.  It  is  medium-coarse  in  texture  in  the 
central  portions  of  the  stock,  and  fine-grained  near  the  con- 
tacts with  the  gneiss,  but  there  is  no  sharp  line  of  demarcation 
between  the  two  varieties.  The  silver-veins  occur  in  the  coarse- 
grained variety,  and  the  iron-ores  in  the  finer-textured  rock. 

Under  a  lens  both  varieties  show  abundant  striated  feld- 
spars, white  orthoclase,  dark-green  pyroxene,  iron-ores,  and 
brown  biotite.  The  latter  mineral  is  abundant  in  the  coarse- 
grained rock,  but  scanty  or  entirely  absent  in  the  fine-grained 
phase. 

Microscopic  Characters. 

Thin  sections  (Figs.  1  and  2)  show  the  following  minerals : 
Iron-ores,  apatite,  pyroxene,  biotite,  plagioclase,  and  orthoclase. 
The  plagioclase  is  in  clear  lath-shaped  crystals  that  in  the  fine- 
grained rock  average  from  1  to  2  mm.  in  length,  twinning  after 
the  albite  and  Carlsbad  laws  and  containing  scanty  apatite  in- 
clusions. In  the  coarse-grained  variety,  the  feldspars  are  from 
3  to  5  mm.  long,  and  the  other  minerals  proportionately  larger. 
Determinations  by  the  statistical  method  and  extinction  angles 
in  zone  at  right  angles  to  010,  where  albite  and  Carlsbad 
twinning  are  combined,  give :  Ab  1.5,  An  1  to  Ab  1,  An  1. 
These  ratios  make  the  plagioclase  a  variety  in  the  andesine 
series  on  the  border  with  labradorite.  Orthoclase,  which  is  the 
last  mineral  to  separate,  occurs  in  irregular  forms,  filling  spaces 
between  the  other  minerals ;  it  is  clear  to  milky  and  contains 
abundant  inclusions  of  ore  and  pyroxene.  Colorless  to  pale 
yellowish  green,  non-pleochroic  grains  and  irregular  masses  of 
pyroxene  form  about  10  per  cent,  of  the  rock.  Maximum  ex- 
tinction angles  of  39°  to  40°  from  C.  axis  place  the  mineral 
near  diopside.  Biotite  in  shreds  and  plates,  closely  associated 
with  the  diopside,  forms  about  3  per  cent,  of  the  coarse-grained 
rock,  but  is  often  absent  in  the  fine-grained  variety.  Stout 
prisms  and  hexagonal  grains  of  apatite  are  rather  abundant  as 
inclusions  in  all  the  other  minerals.  Iron-ore  is  abundant  as 
inclusions  in  the  diopside  and  orthoclase,  but  is  absent  from 
the  plagioclase. 

The  order  of  crystallization  is :  apatite,  plagioclase,  ores, 
biotite,  diopside,  orthoclase. 
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The  analyses  given  in  Table  I.  were  made  by  the  methods 
recommended  by  Hillebrand*  of  fresh  material  taken  from 
dhafts  and  tunnels : 

Table  I. — Analyses  of  the  Gabbro. 


I.  Coane-Gralned  Rock  fh>m  Shafts    II.  Fine-Gndned  Rock  fW>m  Tunnel 
Near  Center  of  the  Gabhro  Stock,  '  Near  Ore-Bed,  Northern  Edge  of 

Contains  Small  Amount  of  Biotite.  Gabbro. 


SiO, 

A1,0, 

|e,a 

FeO 

MgO 

CaO , 

Na,0 

K,0 

H,0  +  105* 
H,0— 105* 
TiO, 

^fnO".'.'.'.'"*. 


Per  Cent. 

61.43 

19.36 

6.32 

4.70 

3.05 

7.09 

3.54 

3.52 

0.36 

0.08 

0.85 

0.60 

Tr. 


Per  Cent. 
52.10 
19.35 
4.63 
4.16 
3.19 
7.15 
3.39 
3.77 
0.13 
0.06 
0.94 
0.71 
0.10 


99.88 


I 


99.68 


The  analyses  prove  the  rock  to  be  a  gabbro  closely  related 
to  the  syenites.  The  high  potash  percentage  with  the  conse- 
quent orthoclase  and  biotite  remind  one  of  the  gabbros  at 
Duluth,  Minn.,  and  others  in  the  Cortlandt  series  near  Peeks- 
kill,  ]Sr.  Y.  When  recast  according  to  the  methods  of  the 
quantitative  system  for  the  classification  of  igneous  rocks,  the 
following  norms  or  theoretical  percentages  of  different  com- 
ponents are  obtained: 


I. 

Orthoclase 20.57 

Albite 29.34 

Anorthite 26.69 

Diopaide 4.23 

Hypenthene 6.32 

Olivine 1.56 

Magnetite 7.66 

Emenite 1.52 

Apatite 1.34 

H,0 0.43 

99.68 


76.60 


22.63 


II. 
22.24 
28.82 
26.13 

4.20  1 

7.02 

0.90 

6.73 

1.67 

1.68 

0.19  ^ 

99.59 


77.19 


22.20 


*  Hillebrand,  W.  F.,  The  Analysis  of  Silicate  and  Carbonate  Rocks,  BulUtin 
No.  305,  U,  S,  Geological  Survey  (ltt07). 
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I. 

Sal 
Fern 

76.60 
22.63 

=  3.38  = 

Class  II. 

F 

Q 

76.60 
0 

=> 

1 

-  Order  6 

Na,0^ 
CaO' 

K,0 

93 
96  ~ 

0.96 

=  Rang  3 

Na,0' 

= 

37  _ 
66  " 

:0.66 

=  Subrang  3 

II. 

77.19 
22.2 

=  3.47  = 

=  Class  11. 

77.19 
0 

=>i 

=  Order  6- 

95 

1.01 

=  Rang  3 

94 

40^ 
55 

=  0.72  = 

=  Subrang 

The  magmatic  symbol  for  both  rocks  is:  11.  5.  8.3,  or 
Shoshonose,  by  the  chemical  classification.  I  would  classify 
the  rock  as  an  orthoclase-biotite  gabbro  in  preference  to  call- 
ing it  a  monzonite,  on  account  of  the  predominance  of  the 
plagioclase. 

The  Iron- Ores. 

The  principal  ore-deposit  is  a  pyroxene-magnetite-biotite 
dike,  260  ft.  wide,  in  which  the  minerals  are  very  unequally 
distributed,  the  magnetite  being  largely  concentrated  in  the  cen- 
tral portions,  while  the  biotite  is  confined  to  a  zone  near  the  walls. 

The  order  of  distribution  from  the  walls  to  the  center  is: 
26  ft.  of  biotite-pyroxene  rock  (Figs.  8  and  4),  with  accessory 
plagioclase,  magnetite,  and  orthoclase ;  50  ft.  of  pyroxene  rock, 
with  little  magnetite  and  biotite  and  no  feldspar ;  the  remaining 
50  ft.  to  the  center  of  the  dike  is  a  low-grade  iron-ore,  averag- 
ing from  30  to  35  per  cent,  of  iron,  and  containing  about  equal 
amounts  of  magnetite  and  pyroxene.  Samples  can  be  selected 
from  this  central  zone  that  are  nearly  pure  magnetite,  but  the 
rich  bands  are  but  a  few  inches  wide  and  are  difficult  to  sepa- 
rate from  the  leaner  ore.  There  is  no  sharp  division  between- 
the  different  zones,  but  a  gradual  merging  of  one  into  the  other. 

The  ore,  which  is  strongly  magnetic,  is  an  intimate  mixture 
of  titaniferous  magnetite  and  pyroxene,  with  accessory  spinel,, 
apatite,  and  biotite.  Its  texture  varies  from  a  coarse-grained 
granular  aggregate  to  one  extremely  fine-grained,  that  has  a 
slaty  structure  resembling  the  slate  ores  of  Lake  Superior. 

Thin  sections  (Figs.  5,  6,  7,  and  8)  show  abundant  stout 
prisms  and  grains  of  colorless  to  slightly  yellowish  green  pyrox- 
ene, from  0.1  to  5  mm.  in  length,  often  in  well-defined  crys- 
tals, distributed  quite  uniformly  in  the  magnetite  ground-mass^ 
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Fic".  1. — Finb-Grained  Gabbro,  24  Diameters  ;  Polarized  Light  ; 
NicoLS  Crossed.  Actual  Field,  3  mm.  Plagioclase  (Po), 
Orthoclase  (Or),  Pyroxene  (Py),  Magnetite  (M). 


Fig.  2. — CoARirE-GRAiNED  Gabbro,  18  Diameters;  Polarized  Light'; 
NicoLS  Crossed.     Actual  Field,  4  mm. 


[5] 
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Fig.  3.— Biotite-Pykoxene  Zo«e  of  Dike,  9  Diameteeis;  Obdinary 
Light.  Actual  Field,  8  mm.  Apatife  (Ap),  Biotite  (B), 
Pyroxene  (Py),  Magnetite  (M). 


Fig.  4.— Outer  Edge  of  Dike,  9  Diameters  ;  Ordinary  Light. 
Actual  Fjeld,  8  mm.  Plagioclase  (Pu)  is  Last  Mineral  to 
Separate. 
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Fio.  5.— Ore  of  Average  Composition,  9  Diameters  ;  Orpi^ary 
Light.  Actual  Field,  8  mm.  The  Lk^ht-Colored  Areas  are 
Pyroxene. 


Fig.  6. — Ore  from  Ceiptral  Zone  of  Dike,  18  Diambtijrh  ; 
Ordinary  Light.     Magnetite,  Diopside,  Spinel  (S). 
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Fig.  7.— Ore  pkom  Surface,  Diopside  Altered  to  Serpentine, 
24  Diameters;  Polarized  Light ;  Crossed  Nicols.  Actual 
Field,  3  mm. 


Fig.  8. — Lean  Ore,  Pyroxene  Zone  of  Pike,  9  Diavetbrs  ;  Ordinary 
Light.     Actual  Field,  8  mm. 
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They  contain  a  few  inclusions  of  biotite  and  magnetite  (or  ilme- 
nite)  and  needles  of  apatite ;  are  non-pleochroic,  and  have  a 
maximum  extinction  angle  of  40^,  which  places  the  mineral 
near  diopside.  A  part  alteration  of  the  diopside  to  serpentine 
is  common  in  the  surface-ore. 

Dark-green  isotropic  crystals  of  quadratic  outline  and  high 
refractive  index,  seldom  over  0.1  ram.  in  diameter,  occurring 
AS  rather  abundant  inclusions  in  the  magnetite,  were  identified 
as  spinel.  In  24  sections  examined,  12  contained  spinel.  It 
appears  to  be  confined  to  the  richer  ores,  and  is  always  absent 
from  those  sections  in  which  the  diopside  crystallized  ahead  of 
the  magnetite.  Apatite  in  stout  prisms  and  hexagonal  grains 
occurs  as  inclusions  in  both  the  magnetite  and  pyroxene,  but 
is  relatively  more  abundant  in  the  lean  ore  in  which  the  pyrox- 
ene predominates.  The  order  of  crystallization  in  the  lean  ore 
is :  apatite,  biotite,  diopside,  magnetite.  In  ore  containing 
about  70  per  cent,  of  magnetite,  the  diopside  and  magnetite 
crystallized  simultaneously,  but  apatite  and  spinel  were  the 
first  to  separate.  In  the  rich  ore  the  order  of  crystallization  is : 
apatite,  spinel,  magnetite,  diopside.  The  composition  of  the 
eutectic  is  probably  near  70  per  cent,  of  magnetite  (including 
spinel)  and  80  per  cent,  of  diopside. 

Attempts  were  made  to  separate  ilmenite  from  magnetite  by 
means  of  an  electro-magnet  without  success,  as  were  also  ex- 
periments in  etching  polished  surfaces  with  dilute  HCl. 

The  inference  that  the  ilmenite  is  very  finely  divided  and 
intimately  mixed  with  the  magnetite,  is  strengthened  by  the 
easy  and  complete  solubility  of  the  iron  oxides  in  hot  dilute 
HCl,  that  is  in  marked  contrast  to  the  difllcultly  soluble  ores  of 
Minnesota  and  Canada,  in  which  the  ilmenite  occurs  in  grains 
of  appreciable  size.  The  ore  is  strongly  magnetic,  and  many 
of  the  surface-boulders  are  natural  load-stones. 

Analyses  of  the  Ore. 
The  following  method  was  used  in  analyzing  the  ore :  5  g. 
of  ore  was  treated  with  hot  HCl,  which  dissolved  all  the  mag- 
netite and  ilmenite ;  the  solution  was  filtered  from  the  insolu- 
ble residue;  after  which  the  filtrate  was  analyzed  by  the 
methods  of  the  chemists  of  the  U.  S.  Steel  Corporation.  The 
insoluble  residue,  consisting  of  diopside,  spinel,  and  small 
amounts  of  TiO^,  was  fused  with  Na^SgOp  so  as  to  decompose 
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the  spinel  and  TiOj,  but  not  the  diopside ;  the  melt  was  dissolved 
in  hot  dilute  HCl  and  filtered  from  the  insoluble  diopside;. 
the  TiOj  was  separated  and  was  added  to  the  TiO^  obtained 
in  the  portion  soluble  in  HCl.  The  SiO^,  Al^O^,  Fe^Og,  and  MgO 
were  determined,  and  the  results  obtained  were  taken  as  the 
composition  of  the  spinel.  The  diopside  was  analyzed  by  the 
ordinary  methods  for  silicate  minerals.  Direct  determinations 
of  PeO  were  made  in  the  portion  soluble  in  HCl  by  titration 
with  bichromate. 

There  may  be  some  question  as  to  the  accuracy  of  the  method 
of  separating  the  minerals,  but  the  presence  of  only  sufficient 
lime  to  combine  with  PjO^,  and  its  entire  absence  in  the  spinel- 
analyses,  is  evidence  that  the  diopside  is  not  attacked,  either 
by  the  HCl  or  Na^SPy. 

The  AI3O3,  SiOg,  and  MgO  found  in  the  portion  soluble  in  HCl 
are  believed  to  be  parts  of  the  magnetite  molecule,  and  not 
derived  from  either  the  spinel  or  the  diopside. 

Table  II.  gives  the  analysis  of  medium-grade  ore  from  the 
north  deposit. 


Table  II. — Composition  of  Medium-Grade  Ore  From 

North  Deposit. 

Per  Cent. 

'  FeO  with  TiO, 
TiO, 

t"}"-"- 

8.5a 

FeO 

20.10 ' 

FeA 

44.72 

Soluble  in  HCl    .     .     .      " 

SiOa 

AlA 

MgO 

0.31 
0.81 
1.31 

.  Magnetite, 

67.25- 

CaO 
.P2O5 

^•^n  Apatite, 

0.08  r  ^ 

0.1& 

SiOj 

0.20- 

Portion     decomposed     by 

AlA. 

4.29 

Spinel, 

6.70 

Na^SjO^ ^ 

FeO 
I  MgO 

SiOj, 

AlA 

FeO 

0.53 
1.68 

9.09 
1.17 
0.66 

By  fusion  with  Na^COs  . 

CaO 
MgO 
Na^O 

3.65 
2.17 
0.15 

.  Diopside, 

16.8^ 

KjO 

Tr.   J 

H,0-f 

105** 

0.51 

0.51 

100.03 

100.0a 
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I.  Spinel,  Cal- 
calated  fh>m 
Ore-AnalsTRis. 


SiO, 

AlA 

FeO 

CaO 

MgO 

Na,0 

K,0 


Per  Cent. 

2.98 

64.03 

7.91 


25.08 


100.00 


II.  Diopslde, 
Calculated 
Arom  Ore-An- 
alysis. 


Per  Cent. 

53.82 

6.93 

8.90 

21.62 

12.85 

0.88 

Tr. 


100.00 


I IV.  Diopside, 

III.Spinel.Di.  I     Direct    An- 

rect  Analysis  |     alysis  of  3ep- 

of  Separated  i     arated    Ma^ 

Material.        ,     terial. 


Per  Cent. 
2.96 
64.28 
7.67 


24.46 


99.37 


Per  Cent. 

54.24 

7.03 

3.97 

21.41 

12.66 

0.87 

Tr. 

100.17 


The  spinel  is  the  iron-magnesian  variety,  pleonaste.  The 
diopside  is  high  in  Al^O^,  but  its  extinction  angle  of  40°  is  that 
of  diopside.  Many  part  analyses  were  made  to  detennine  the 
ratio  of  TiOj  to  Fe,  resulting  in  an  average  of  1  to  10.7,  the 
highest  being  1  to  11.4,  and  the  lowest  1  to  8.5.  Professor 
Chauvenet's  analysis  differs  greatly  from  these  results,  being 
TiOj,  36.76;  and  Fe,  36.93  per  cent. 

These  interesting  ore-deposits  have  little  or  no  economic  im- 
portance, but  are  excellent  examples  of  iron-ores  of  igneous 
origin.  They  may  be  considered  either  as  true  dikes,  or  as 
segregations  in  place  from  the  wall-rocks.  The  first  supposi- 
tion is  the  most  probable,  for  the  following  reasons :  In  form 
the  deposits  are  typical  dikes  of  great  length  and  uniform  strike, 
in  marked  contrast  with  the  irregular  outline  of  most  segre- 
gated ore-bodies;  the  wall-rock  contacts  are  sharp  and  well 
defined;  there  is  no  local  impoverishment  of  the  gabbro  in 
ferro-magnesian  minerals  near  the  dike,  the  ratio  of  these  to  the 
feldspars  being  essentially  the  same  in  rock  near  the  dike  as 
in  rocks  from  points  1,000  ft.  away,  indicating  no  concentration 
of  basic  minerals  from  the  wall-rock. 

Similar  occurrences  have  been  described  as  dikes  by  Kemp,* 
in  New  York  State,  and  Ball,*  in  Wyoming.  Also,  Vogt* 
classes  certain  Norwegian  deposits  as  true  dikes. 


'  Kemp,  J.  F.,  Titaniferous  Iron  Ores  of  the  Adirondacks,  Nineteenth  AnntuU 
Jieport,  U.  S.  Oedogieal  Survey,  part  iii.,  p.  414  (1897-98). 

*  Ball,  Sydney  H.,  Bulletin  No.  315,  U,  S.  Geological  Survey,  p.  206  (1907). 

•  Vogt,  J.  H.  L.,   Om  danneUe  of  de  vigiigale  i  Norge  og  Sverige  representerede 
grupper  of  jem-MoimforekomsUT^  p.  14  (Christiania,  1892). 
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]'he  inference  is  that  the  origin  of  the  dike  was  in  a  deep- 
^ed  segregation  of  ferro-magnesian  minerals  and  magnetite, 
to  a  differentiation  from  the  gabbro  magma,  and  that  its 
iposition  is  essentially  the  same  as  that  of  the  parent  basin, 
^he  later  rearrangement  of  the  minerals  of  the  dike,  due  to 
V  cooling  under  a  great  mass  of  superimposed  rock,  has 
tly  concentrated  the  magnetite  near  the  center  and  the  bio- 
along  the  walls. 

'he  order  of  the  deposition  of  the  minerals  corresponds 
ely  with  the  order  of  crystallization  observed  in  thin  sec- 
IS  of  the  ore,  the  biotite  being  among  the  first  minerals  to 
irate,  and  magnetite  with  the  last  in  each  case, 
'he  original  dike-magma  contained  an  excess  of  Al^Oj  and 
0  above  that  required  to  form  pyroxene  and  biotite ;  tVnft 
BS8  separated  as  spinel,  excepting  small  amounts  that  pasaedi 
>  the  magnetite  molecule. 

olivine,  a  common  constituent  of  gabbro  and  titaniferoxx^ 
J,  is  notably  absent,  though  not  from  any  lack  of  MgO     Vtv 
magma. 
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[TRANSACTIONS  OF  THI  AMERICAN  INSTITUTE  OF  MININQ  ENGINEERS.] 


Clinton  Iron-Ore  Deposits  in  Kentucky  and  Tennessee. 

BY  8.    WHINERY,   NEW  YORK,   N.    Y. 
(Cleveland  Meeting,  October,  1912.) 

I  AM  indebted  to  L.  E.  Bryant,  of  Danville,  Ky.,  President 
of  the  Virginia  Mining  Co.,  operating  coal-mines  in  Scott 
county,  Tenn.,  for  the  following  information  relating  to  the 
existence  of  the  Clinton  iron-ore  under  the  NW.  slope  of  the 
Cumberland  Plateau  in  Kentucky  and  Tennessee. 

During  the  past  15  years  quite  an  important  oil-field  has  been 
developed  in  a  region  having  Wayne  county,  Ky.,  as  its  center, 
and  a  large  number  of  wells  have  been  drilled  in  that  and  adjar 
cent  territory  in  the  search  for  oil.  Many  of  these  wells  have 
been  carried  to  considerable  depths  below  the  recognized  oil- 
bearing  horizon,  and  one  of  them  was  drilled  by  Mr.  Bryant  at 
Pine  Knot,  a  station  on  the  Cincinnati,  New  Orleans  &  Texas 
Pacific  railroad,  a  few  miles  north  of  the  point  where  that  road 
-crosses  the  Kentucky-Tennessee  State-line.  The  elevation  of 
the  surface  at  the  crossing  is  about  1,400  ft:  above  sea-level. 
The  railroad  is  located  on  the  dividing  ridge  between  the 
Cumberland  river  and  Big  South  Fork.  At  a  depth  of  1,720 
ft.  below  the  surface  the  drill  reached  and  passed  through  a 
formation  which  the  drillers  called  "  red  rock,"  but  which  Mr. 
Bryant  classified  as  Clinton  iron-ore,  as  its  geological  position 
corresponded  to  that  formation.  The  ore  at  this  point  was  6  ft. 
thick  and  appeared  to  be  of  uniform  quality  throughout.  An 
analysis  of  the  drillings  gave :  Fe,  33 ;  Mn,  0.25 ;  SiO„  3 ;  Al^O,, 
2;  CaO,  13;  MgO,  7;  P,0^,  0.338  per  cent.;  S,  trace. 

This  analysis  seems  to  confirm  the  belief  that  the  ore  is  Clin- 
ton, and  that  it  is  of  a  quality  equal  to  the  average  of  the  deep 
or  unbleached  Clinton  ores  in  Tennessee  and  Alabama. 

This  discovery  led  Mr.  Bryant  to  make  further  examinations 
and  inquiries,  and  he  found  that  the  stratum  called  "  red  rock  " 
by  the  drillers  had  been  passed  through  and  noted  in  the  great 
majority  of  the  wells  carried  down  to  the  same  geological  hori- 
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zon,  over  quite  a  wide  area  in  and  around  the  oil-region.  Its 
geological  position  was  readily  fixed  in  these  wells,  as  it  was 
noted  as  being  from  50  to  100  ft.  below  the  Devonian  black 
shale,  which  is  very  persistent  in  the  region,  is  universally  recog- 
nized and  referred  to  by  the  well-drillers.  The  thickness  of 
the  "  red  rock ''  was  not  usually  recorded,  but  was  stated  by 
the  drillers  to  be  from  3  to  6  ft. 

In  a  number  of  wells  reaching  the  horizon  of  the  ore  its 
occurrence  was  not  noted.  This  is  not  surprising  in  view  of 
the  well-known  lenticular  formation  of  the  Clinton  ore-deposits 
in  the  South. 

These  facts  seem  to  indicate  that  rich  and  comparatively 
thick  deposits  of  Clinton  ore  underlie  the  Cumberland  Plateau 
in  this  region  and  extend  under  its  northern  slope.  If  so,  it 
will,  undoubtedly,  in  time,  become  commercially  very  valuable, 
particularly  as  the  whole  region  is  also  underlain  by  three  or 
four  workable  beds  of  coal,  at  least  two  of  which  are  good 
coking-coal,  so  that  both  ore  and  coal  could  be  mined  from  the 
same  or  adjacent  shafts.  The  coal  outcrops  above  the  surface 
of  the  larger  streams  and  is  being  mined  in  large  quantities  by 
drifts  in  the  region.  Shafts  sunk  along  the  streams  in  the 
vicinity  would  reach  the  iron-ore  at  a  depth  of  about  1,000  feet. 
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The  Ta-yeh  Iron-Ore  Deposits,  Hu-pei  Province,  China. 

BY  C.    M.  WELD,   LOW  MOOR,   VA. 
(Cleveland  Meeting,  October,  1912.) 

In  the  course  of  my  professional  work  in  China  during  the 
fall  of  1907, 1  had  an  opportunity  to  visit  the  iron-ore  mines  at 
Ta-yeh  in  Hu-pei  province  (long.  114°  50'  E.,  lat  30°  20'  K). 
It  occurs  to  me  that  a  rescript  and  discussion  of  my  notes  taken 
at  that  time  should  be  of  interest,  particularly  as  supplementing 
the  exceedingly  interesting  recent  paper  of  Thomas  T.  Read  on 
The  Mineral  Production  and  Resources  of  China.* 

Ta-yeh  is  situated  near  the  right  bank  of  the  Yangtze  river. 
The  mines  are  at  an  average  distance  of  about  16  miles  from 
the  river-port  Shi-hui-yao,  which  in  turn  is  some  70  miles  S-E. 
of  Hankow.  The  ores  are  shipped  to  the  works  of  the  Han- 
Yeh-P'ing  Iron  &  Coal  Co.  at  Hanyang,  as  also  very  largely  to 
the  Japanese  government  iron-  and  steel-works  at  Wakamatsu, 
Japan.  Smaller  quantities  have  been  exported  to  the  Pacific 
coast  of  the  United  States. 

These  ore-deposits  have  been  briefly  noticed  in  a  number  of 
publications,  but,  so  far  as  I  know,  Mr.  Read's  description,  in 
his  chapter  on  the  iron-ores  of  the  Chinese  Empire,^  contains 
the  first  attempt  to  define  their  geological  character.  In  his 
more  recent  paper  Mr.  Read  follows  very  closely  the  text  of  hie 
earlier  description.  To  quote  briefly  from  the  recent  paper,  he 
says :  "  The  iron-ores  at  Ta-yeh  ....  lie  along  the  con- 
tact between  a  marble  and  an  intrusive  body  of  a  dark-gray 
syenitic  rock."  He  refers  to  a  figure  which  exhibits  in  plan, 
but  not  in  section,  the  relative  positions  of  the  syenite,  ore- 
bodies,  and  limestone.  The  contact  is  seen  to  trend  approxi- 
naately  E-W.,  with  the  syenite  on  the  north  and  the  limestone 
on  the  south.  "  The  syenite  lies  to  the  north  of  the  marble, 
and  a  few  miles  farther  north  the  marble  again  appears, 
iron-ore  again  being  present  along  the  contact."     No  litho* 

1  BuUeHn  No.  63,  March,  1912,  pp.  293  to  343. 

>  The  Iron  Ore  Resources  of  the  World,  vol.  ii.,  p.  913  (Stockholm  1910), 
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logical  description  of  the  syenite  is  given.  The  limestone  is 
discussed  as  probably  of  Carboniferous  age,  and  the  sugges- 
tion is  adyanced  that  "this  limestone  is  a  horizon  for  iron- 
ores  in  the  Yangtze  valley,  as  they  are  associated  with  it  in 
notable  amount  near  Nanking."  Again :  "  In  Kiang-su  prov- 
ince iron-ores  are  widely  distributed,  occurring  chiefly  in  the 
region  about  Nanking  in  association  with  the  limestone  pre- 
viously mentioned."  And  in  the  following  paragraph :  "  In 
the  province  of  An-hwei  the  geological  conditions  are  similar 
to  those  in  Kiang-su  and  Hu-pei."  In  describing  the  ore  he 
says :  "  The  ore  is  a  good  quality  of  hematite  [here  follow 
analyses]  ....  At  one  place  it  is  slightly  magnetic,  ap- 
parently having  been  partly  reduced  to  the  magnetic  oxide 
by  the  action  of  reducing  solutions,  which  have  deposited  small 
amounts  of  copper-  and  iron-sulphides  along  the  foot-wall." 

A.  J.  Seltzer  *  has  described  the  Ta-yeh  deposit  as  "  a  con- 
tact deposit,  the  contact  on  the  north  wall  being  a  compact, 
close-grained  diorite,  the  south  contact  being  a  pure,  almost 
white,  marbly  limestone."  He  presents  analyses  for  three 
kinds  of  ore,  namely,  hematite,  magnetite,  and  manganiferous 
brown  ore. 

Another  reference  which  I  have  before  me  *  describes  the 
Ta-yeh  ores  as  including  magnetite,  hematite,  and  manganifer- 
ous brown  ores,  in  a  steeply-dipping  vein.  "  On  the  section  of 
the  deposit  where  lower  phosphorus  ores  are  found,  the  vein  is 
in  contact  with  almost  pure  limestone  in  very  large  quantities." 

My  visit  to  the  Ta-yeh  mines  was  only  of  a  few  hours'  dorar 
tion ;  my  examination  was  therefore  necessarily  superficial,  and 
confined  to  a  single  one  of  the  several  ore-bodies  which  have 
been  developed.  I  gathered  no  samples  or  specimens,  and 
have  therefore  to  rely  wholly  upon  macroscopic  inspection, 
made  at  the  time,  of  the  ores  and  associated  rocks  and  min- 
erals, having  neither  analyses  nor  thin  sections  for  further 
detailed  study. 

Turning  to  my  notes,  I  find  the  ore-bodies  described  as  oc- 
curring along  an  approximately  E-W.  contact  between  horn- 

'  Iron  and  Steel  Works  at  Hanjang,  Hupe,  China,  Engineering  and  Mining 
Journal,  voL  Ixxxix.,  No.  24,  p.  1232  (June  11,  1910). 

*  The  Iron  Industry  of  China,  Iron  Age,  vol.  Ixxxi.,  No.  19,  p.  1436  ( May  7, 

1908). 
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blende-granite  and  limestone,  the  former  lying  north  and  the 
latter  south  of  the  contact. 

The  granite  is  a  granitoid  rock  consisting  essentially  of 
quartz,  potash-feldspar,  and  hornblende.  While  ordinarily 
lolocrystalline  to  the  naked  eye,  some  fine-grained  and  por- 
phyritic  facies  appear  at  the  contact.  The  general  color-effect 
on  a  slightly  weathered  surface  is  light  gray,  peppered  with 
black. 

The  limestone  is  a  light-gray  smooth-textured  rock,  chang- 
ing to  a  coarsely  crystalline  and  often  pure  white  marble  at 
the  contact.  Seltzer  *  states  that  this  stone  carries  96  per  cent, 
of  CaCOj.  At  least  it  appears  to  be  sufficiently  pure  to  yield  an 
acceptable  flux  for  the  Hanyang  blast-furnaces,  and  is  quarried 
for  that  purpose  at  a  point  about  600  yd.  south  of  the  con- 
tact. Contact-minerals  in  the  limestone  appear  to  be  rare ;  in 
fact,  none  were  observed  except  where  occasional  areas  were 
seen  to  be  abundantly  impregnated  with  minute  resinous-brown 
garnets,  frequently  arranged  in  bands.  It  should  be  noted, 
however,  that  my  remarks  apply  to  a  section  where  the  granite 
and  the  limestone  are  separated  by  about  200  ft.  of  iron-ore ; 
no  actual  contact  between  the  two  came  under  my  observation. 

In  structure  the  limestone  exhibits  a  great  anticline  in  the 
country  south  of  the  contact,  its  axis  trending  approximately 
ENE-W8W.  The  northward-dipping  leg  of  this  anticline  is 
bent  sharply  back  upon  itself  as  it  approaches  the  contact. 
The  granite  occupies,  so  far  as  I  could  learn,  an  elliptical  area, 
from  6  to  10  miles  E-W.  by  from  2  to  3  miles  N-8.  Within 
this  area  the  granite  peaks  stand  out  in  somewhat  bolder  relief 
than  the  surrounding  limestone  country.  I  have  already 
quoted  Head  to  the  effect  that  the  limestone  reappears  to  the 
north.  On  the  east  limestone  is  seen  along  the  right  bank  of 
the  Yangtze  river,  except  where  overlain  by  red  beds. 

Before  turning  to  the  ore-bodies  it  will  be  convenient  to 
refer  briefly  to  my  figures,  which  have  been  reproduced  from 
the  original  sketches  included  in  my  notes.  Fig.  1  represents 
the  district  as  a  whole,  and  shows  the  general  position  of  the 
mines  with  reference  to  the  Yangtze  river.  Fig.  2  represents 
the  western  portion  of  Fig.  1  on  an  enlarged  scale,  while  Fig.  3 
is  a  geological  cross-section  taken  on  a  N-S.  line  and  looking 


»  Op.  tit. 
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Fig.  1.— Sketch-Map  Showing  Position  of  the  Ta-yeh  Iron-Mines, 
Hu-PEi  Province,  China. 
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Fig.  2. — Geological  Cross-Section  through  Mine  No.  4  and 
Sin-hung-chin,  Looking  East. 
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Fig.  3.— Sketch-Map  op  the  Ta-yeh  Iron-Mtneb,  Hu-pei  Province, 

China. 

[4] 


Digitized  by 


Google 


TA-YEH   IRON-ORB   DEPOSITS,  HU-PBI   PROVINCE,  CHINA.      1063 

east,  through  mine  No.  4  and  the  hamlet  Sin-hung-chin.  All 
the  above  sketches  are  only  approximately  to  scale. 

These  illustrations  show  five  mines,  numbered  consecutively 
from  west  to  east  Up  to  the  time  of  my  visit  there  had  been 
no  deep  mining,  all  workings  being  comparatively  shallow 
open-cuts  above  drainage.  Mine  ITo.  1  proved  to  be  on  a  small 
deposit,  and  had  been  worked  out  and  abandoned.  Mine  No.  2 
was  still  worked,  but  in  a  small  way  only,  the  ores  being  largely 
manganiferous  brown  ores.  Mines  Nos.  8,  4,  and  5  were 
closely  grouped  together,  apparently  on  a  common  lens  of  ore, 
and  constituted  the  main  workings  in  1907.  Explorations 
further  to  the  east  had  discovered  additional  ore-deposits,  but 
these  had  at  that  time  not  been  developed.  Bead,  as  quoted 
above,  says  that  ores  have  also  been  found  along  the  northern 
contact  of  the  granite  and  limestone. 

We  note  here  that  the  contact  is  only  intermittently  ore- 
bearing,  the  deposits  occurring  in  a  succession  of  lenses  of 
varying  size,  with  barren  stretches  between. 

I  examined  briefly  the  ore-body  revealed  in  mines  Nos.  3,  4, 
and  5.  This  lens  was  from  1,500  to  2,000  ft.  long  and  from 
100  to  200  ft.  thick,  and  had  been  excavated  to  a  maximum 
depth  of  probably  not  more  than  75  ft.  below  the  original 
crop.  The  strike  is  approximately  E-W.,  with  the  contact, 
and  the  dip  from  65°  to  85°  N.  Owing  to  the  northward  dip, 
the  granite,  in  mining  terminology,  constitutes  the  hanging- 
wall,  and  the  marble  is  the  foot-wall.  The  granite  wall,  while 
fairly  persistent  in  its  E-W.  strike  in  a  general  way,  is  irregu- 
lar and  somewhat  angular  in  detail.  The  actual  line  of  contact 
between  the  ore  and  the  granite,  where  it  could  be  observed  in  a 
fresh  condition,  was  seen  to  be  sharp.  On  the  foot-wall  side 
the  transition-line  from  ore  to  marble  was  again  sharp,  and 
even  more  irregular  in  detail  than  on  the  hanging-wall.  In 
this  case  the  irregularities  were  curved  rather  than  angular, 
however,  and  close  to  the  wall  many  rounded  inclusions  of 
marble  were  seen  in  the  ore. 

The  ores  filling  the  space  between  the  two  walls  were  for  the 
most  part  massive,  though  a  certain  amount  of  shearing  par- 
allel with  the  contact  was  observed.  They  include  hematite 
and  magnetite,  the  latter  being  present  in  a  very  considerable 
proportion,  and    being,  in    my  opinion,  primary.      Further, 
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there  are  smaller  amounts  of  the  hjdrated  oxides  in  the  more 
weathered  portions  of  the  vein.  The  mass,  as  a  whole,  is 
high-grade,  gangae-minerals  appearing  in  rather  subordinate 
amounts.  These  include  quartz,  some  amphibole  and  greenish 
mica,  occasional  epidote,  and  more  commonly  copper  car- 
bonates, with  rare  sulphides  of  copper  and  iron.  In  Table  I. 
I  have  brought  together  a  number  of  analyses  from  various 
sources. 

Table  I. — Analyses. 


Fe 

SiOo.., 

p 


(1) 


(2) 


(3) 


(4) 


58  to  68         60  to  62 
7  to  3      I      5  to  3 
1  to2      I       1  to2 
0.2    to  0.4  I  0.2    to  0.4 
0.04  to  0.25,  0.05  to  0.25; 
O.Oo  to  0.10  0.05  to  0.121 
0.05  to  0.25,  0.05  to  0.25. 


a. 

b. 

c. 

62.0 

1       4.0 

2.0 

1       0.3 

48.0 
6.0 

7.0 

0.03 

0.01 

65.0 
3.0 

0.13 
0.12 
0.06 

59  to  65 
10  to  3.5 

;       0.05 
1       0.02 

0.04  to  0.10 
0.10 
0  20 

(5) 


65.5 
3.5 

0.10 
0.04 
0.05 
0.09 


(1)  From  Iron  Age,  (*)  p.  1436.  (2)  Read,  (i)  p.  320.  (3)  Seltzer,  (•)  p.  1233-- 
o,  hematite ;  6,  brown  ore  ;  c,  magnetite.  (4)  Reported  to  me  by  officials  at  the 
Hanyang  iron-  and  steel-works.  (5j  Reported  to  me  by  officials  at  the  Japanese 
government  iron-  and  steel-works. 

The  evidence  at  hand  bearing  upon  the  geological  horizon 
at  which  the  Ta-yeh  deposits  occur  consists  briefly  of  the  fol- 
lowing facts : 

The  limestone  associated  with  the  ore-deposits  is  closely 
overlain  by  red  beds.  These  appear  at  Huang-shi-kiang,  Fig.  1, 
and  continue  thence  for  some  distance  up  the  river.  There 
are  also  conspicuous  red  clifts  several  miles  down  the  river. 
Furthermore,  thin  coal-beds  are  reported  to  exist  within  a  few 
miles  NE.,  W.,  and  8E.  of  Ta-yeh. 

Willis*  gives  the  following  geological  column  for  the  Yangtze 
gorges,  about  200  miles  westward : 
Permo-Mesozoic :  K'ui-chou  series. 

1,000  ft.  sandstones,  shales,  and  sandy  shales  with  thin 
limestones  and  coal-seams. 
150  ft.  gray  fossiliferous  limestone. 
400  ft.  massive  red  shale. 
Unconformity  inferred. 

•  Research  in  ChinOf  Willis,  filackwelder,  and  Sargent,  vol.  i.,  part  i,  p.  264. 
Carnegie  Institution,  1907. 
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Upper  Carboniferous :  Wu-chan  limestone. 

8,000  ft.  massive  thick-bedded  limestone  of  gray-brown  or 

black  color ;  locally  flinty. 
1,000  ft,  shales  and  limestones,  the  latter  locally  rich  in 
flint  nodules. 
Below  this  come  1,800  ft.  of  Sin-t'an  shale  (Middle  Palaeozoic), 
and  about  4,000  ft.  of  Sinian  (Cambro-Ordovician)  Ki-sin-ling 
limestone,  with  some  minor  beds  of  shale  and  conglomerate^ 
overlying  the  basal  Algonkian  (?)  gneisses. 

Elsewhere  Willis  cites  Kingsmill  with  reference  to  localities 
near  the  Yangtze  river  as  follows :  ^  " .  .  .  he  [Kingsmill]  dis- 
tinguishes two  horizons  at  which  coal  beds  occur ;  one,  the 
*  lower  coal  and  iron  shales,'  600  to  800  feet  thick,  being  near 
the  middle  of  his  '  Tung-t'ing '  series  and  dividing  the  great 
Carboniferous  limestone  in  two ;  the  other,  the  upper  member 
of  his  *  Chung-shan '  series,  being  higher  up  in  the  geologic 
column  and  in  all  probability  of  the  same  age  as  the  early 
Jurassic  (Rhetic)  coals  of  the  Middle  Yang-tzi." 

Comparing  the  above  sections  with  the  observed  and  reported 
conditions  in  the  vicinity  of  Taryeh,  it  seems  a  reasonable  in- 
ference that  the  Ta-yeh  limestone  is  near  the  top  of  the  Wu- 
chan  (Upper  Carboniferous) ;  that  the  red  beds  at  Huang-shi- 
kiang  as  well  as  do\^n  the  river  correspond  to  the  "  massive 
red  shale  "  at  the  base  of  the  Permo-Mesozoic ;  and  that  the 
adjacent  thin-coal  areas,  which  practically  surround  the  granite 
ellipse,  belong  to  the  Permo-Mesozoic  (early  Jurassic)  coals  of 
Willis,  corresponding  to  the  "  Chung-shan "  coals  of  Kings- 
mill.  This  inference  would  argue  a  quaquaversal  dip  of  the 
sediments  about  the  granite. 

In  connection  with  this  inquiry  into  the  probable  age  of  the 
associated  limestone,  I  find  of  interest  a  description  of  certain 
Kiang-su  province  iron-ore  deposits,  written  50  years  ago  by 
Markham,  then  British  consul  at  Chin-Kiang,  a  town  on  the 
Yangtze  lying  about  85  miles  ENE.  from  Nanking.  This  de- 
scription has  been  preserved  by  Kingsmill  and  is  quoted  by 
Willis.«' 

Markham  describes  three  localities  where  iron-ore  has  been 

^  Mineral  Besouroes  of  China,  Economic  Qeology^  vol.  iii.,  No.  1,  p.  32  ( Jan.- 
Feb.,  1908). 
■  Loc,  eiL,  p.  36. 
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found.  One  of  these,  an  inferior  deposit  within  3  miles  of 
the  gates  of  Nanking,  is  definitely  referred  to  beds  "  at  the 
foot  of  the  Chung-shan."  The  other  two,  being  respectively 
5  and  14  miles  distant  from  Chin-Kiang,  appear  to  be  probably 
below  Kingsmiirs  "lower  coal  and  iron-shales."  While, 
therefore,  the  first  is  at  about  the  same  horizon  as  the  Ta-yeh 
ore-bodies,  the  others  may  be  from  1,000  to  1,500  ft.  lower 
down  in  the  geologic  scale,  though  still  in  the  Upper  Carbonif- 
erous. Both  these  last  are  described  in  association  with  chert- 
bearing  limestone,  in  one  case  there  being  present  a  large 
intrusive  mass  of  porphyry. 

My  brief  inspection  of  the  Ta-yeh  deposits  was  quite  insuf- 
ficient to  warrant  any  attempt  on  my  part  at  an  estimate  of  the 
probable  available  tonnage  of  ore,  though  this  would  appear 
to  be  very  considerable.  Mr.  Read  and  others  have  pre- 
sented descriptions  and  photographs  of  the  generally  primitive 
methods  of  open-cut  hand-mining,  and  I  find  little  in  my  notes 
to  add  to  what  has  already  been  written  in  this  direction.  I, 
therefore,  turn  at  once  to  the  question  of  genesis. 

In  quoting  from  Read  I  have  tried  to  include  all  his  more 
significant  references  to  the  ore-deposits  from  a  possible  genetic 
standpoint.  Whereas,  the  contact  is  recognized  as  being  be- 
tween an  intrusive  igneous  rock  and  an  intruded  sediment,  the 
genesis  of  the  ores  would  appear  to  be  referred  rather  to  some 
cause  other  than  the  intrusive.  There  is  no  definite  statement 
under  this  head,  but  two  things  are  suggestive  of  such  a  trend 
of  view,  namely :  the  point  is  brought  out  that  the  deposits  of 
Hu-pei  (Ta-yeh),  An-hwei,  and  Kiang-su  provinces  are  probably 
at  a  common  stratigraphical  horizon ;  the  magnetite  is  referred 
to  as  secondary.  The  first  of  these  would  naturally  suggest 
that  there  is  held  to  be  some  definite  horizon  in  the  limestone 
which,  due  to  peculiar  inherent  or  closely  associated  conditions, 
would  carry  ore-bodies  to  the  exclusion  of  other  horizons ;  in 
other  words,  that  the  ore  is  due  to  the  presence  of  a  definite 
horizon  in  the  limestone,  and  not  to  the  accidental  association 
of  this  or  any  other  horizon  of  limestone  with  an  intrusive. 
The  second  point  would  suggest  the  opinion  that  the  ore  has 
been  derived  from  meteoric,  rather  than  deep-seated,  sources. 

There  can  be  little  doubt  as  to  the  nature  of  the  contact 
It  is  decidedly  not  a  natural  one.     If  faulted,  then  a  fault  with 
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a  throw  of  several  thousand  feet  would  be  required  to  bring  the 
Upper  Carboniferous  limestone  into  juxtaposition  with  the 
basement  Archsean.  So  profound  a  fault  would  surely  have 
left  a  corresponding  stamp  upon  the  adjacent  strata.  Such 
shearing  as  was  observed  was  in  the  ore-body  and,  therefore, 
due  to  movement  subsequent  to  its  deposition.  The  granite 
gives  no  evidence  of  profound  faulting,  and  the  overturning  of 
the  limestone  strata  at  the  contact  can  be  more  readily  ac- 
counted for  otherwise.  The  contact  is,  in  fact,  undoubtedly 
one  of  intrusion,  and  in  the  granite  we  find  a  great  laccolith 
which  has  invaded  the  limestone  at  some  depth,  and  has  since 
been  uncovered  by  erosion.  The  elliptical  area  of  the  granite 
and  the  apparent  quaquaversal  dip  of  the  sediments  are  in  line 
with  this  supposition,  while  the  structural  conditions  actually 
observed  along  the  southern  contact  can  well  be  explained  by 
it.  The  limestone  shows  evidence  of  heat-metamorphism. 
The  rarity  of  contact-minerals  in  the  zone  which  came  under 
my  observation  may  be  considered  strange,  but,  as  already 
pointed  out,  the  intrusive  and  sedimentary  members  were  sep- 
arated at  that  point  by  200  ft.  of  iron-ore.  A  study  of  the 
contact  along  the  stretches  barren  of  ore  should  be  full  of 
interest. 

The  source  of  the  iron  which  has  been  deposited  along  this 
intrusive  contact  is  our  next  consideration. 

That  the  iron  has  been  derived  from  the  limestone,  or  from 
any  particular  horizon  in  the  limestone,  or  that  the  ore-bodies 
represent  the  metamorphosed  upturned  edge  of  bedded  veins 
of  ore  original  in  and  conformably  intercalated  with  the  lime- 
stone, are  suppositions  which  appear  to  me  highly  improbable. 
There  is  no  appearance  of  such  a  possible  source  for  the  iron, 
or  original  existence  of  the  vein,  either  in  the  character  of  the 
limestone  beds,  or  in  their  position  relative  to  the  deposits. 
Read's  suggestion  that  the  deposits  of  the  three  provinces,  flu- 
pei,  An-hwei,  and  Kiang-su,  are  at  a  common  stratigraphical 
horizon  would,  if  true,  lend  support  to  some  such  view.  I 
have  indicated,  however,  that  the  ores  of  the  several  provinces 
are  more  probably  not  at  a  common  horizon. 

A  more  plausible  hypothesis,  in  my  opinion,  would  be  that 
the  iron  of  Ta-yeh  has  been  derived  out  of  the  once  overlying 
but  now  eroded  red  beds,  and  has  been  transported  in  solution 
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by  deBcending  meteoric  waters  along  trunk-channels  developed 
at  the  contact,  till  deposited  as  opportunity  favored,  either  in 
pre-existing  cavities  or  by  metasomatic  processes,  or  both.  The 
role  played  by  the  intrusive  rock  in  this  hypothesis  would  be 
merely  to  have  furnished  at  its  more  or  less  shattered  contact 
a  plane  of  weakness  favorable  to  the  passage  of  meteoric  solu- 
tions. The  magnetite  found  as  a  considerable  part  of  the  ore- 
bodies  would  then  have  to  be  accounted  for,  as  Read  suggests, 
by  the  supposed  action  of  subsequent  reducing  solutions. 

The  position  of  the  ore-deposits,  however,  is  adverse  to  this 
theory.  We  find  them  underlying  an  intrusive  contact.  After 
intrusion  and  all  its  after-effects  had  ceased,  the  contact  was 
probably  not  an  open  one ;  nor  is  there  anything  in  the  nature 
of  an  impervious  foot-wall  to  guide  the  solutions  or  to  retard 
and  induce  the  precipitation  of  their  burdens.  Then,  too,  we 
should  have  to  appeal  to  further  processes  to  account  for  the 
nature  of  the  ore  and  its  gangue-minerals. 

There  is  no  evidence,  such,  perhaps,  as  a  basic  rim  to  the 
granite  laccolith,  to  suggest  that  the  ore-bodies  are  possibly  due 
to  ultrabasic  magmatic  segregations ;  nor  does  the  character  of 
the  ore  lend  support  to  such  a  theory. 

The  natural  hypothesis  is  that  the  ores  are  due  to  the  pneu- 
matolytic  after-effects,  or,  as  Stevens  •  has  recently  amended 
the  term,  the  emanation  residues,  of  the  granite  intrusion.  The 
ores  have  been  expelled  out  of  the  cooling  granitic  magma  in 
gaseous,  vaporous,  or  liquid  solutions,  and  have  been  dropped 
along  its  contact,  probably  in  part  filling  open  spaces,  caused 
either  by  the  shrinkage  of  the  granite  mass  in  cooling  or  else 
by  the  partial  dissolution  of  the  limestone,  or  both,  and  in  part 
replacing  the  limestone  by  metasomatic  processes. 

Ore-deposits  of  this  type  of  genesis  have  now  been  recognized 
for  a  number  of  years  and  have  been  described  from  many  locali- 
ties. Leith  has  classified  them  under  the  designation  of  "  Peg- 
matite Type."  ^°  Especially  does  his  description  of  the  iron-ore 
deposits  of  the  Iron  Springs  District,  Utah,"  present  many 
analogies  with  the  Ta-yeh  deposits. 

*  Physical  Data  of  Igneous  Emanation,  BuUeUn  No.  64,  April,  1912,  p.  435. 
'®  Iron  Ores  of  Canada,  Ecanomw  Geology,  vol.  iii.,  No.  4,  p.  277  (Jone-Jaly, 
1908). 
"  BuUeiin  No.  338,  U,  S.  Qedogioal  Survey  (1908). 

[10] 

Digitized  by  VjOOQ IC 


TA-TBH    IRON-ORB   DEPOSITS,  HU-PEI   PROVINCB,  CHINA.      1069 

The  Ta-yeh  iron-ore  bodies  are,  in  fact,  a  noteworthy  exam- 
ple of  this  type  of  deposit,  deserving  of  far  more  study  than  it 
was  my  opportunity  to  give  to  them.  I  feel  that  detailed  study 
of  this  field  should  be  rewarded  by  some  valuable  contributions 
to  our  knowledge  of  this  interesting  cla^s  of  ore-bodies,  while 
at  the  same  time  presenting  some  fascinating  problems  to  the 
investigator. 
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An  Experience  in  the  Use  of  Water-Power. 

BY  C.    M.    MYRICK,  SAN  FRANCISCO,  OAL. 
(Cleveland  Meetiug,  October,  1912.) 

The  following  notes  are  submitted  in  the  belief  that  they 
may  interest  some  of  the  many  owners  of  small  water-power 
plants,  so  generally  used  in  mining-work  throughout  the  Weat. 

A  small  and  somewhat  primitive  quartz-mill  was  taken  over 
by  a  leasing  company,  and  a  lO-stamp  battery  was  installed. 
Originally,  power  had  been  furnished  by  a  Pelton  wheel ;  but, 
since  the  supply  of  water  depended  on  the  rate  at  which  snow 
was  melting  on  the  mountains,  a  steam -plant  had  been  added 
to  help  out  during  cold  spells.  This  auxiliary  plant  was  anti- 
quated and  expensive  to  operate,  and,  soon  after  starting  up 
the  remodeled  mill,  it  broke  down  completely;  so  that  it  became 
necessary  to  get  all  the  power  possible  out  of  the  Pelton  wheel, 
with  its  ever-varying  water-supply. 

The  pipe-line,  about  a  quarter  of  a  mile  long,  was  made  up 
of  assorted  sizes,  from  7  to  11  in.  in  diameter;  and,  since  it 
was  buried  deep  under  snow,  there  were  no  data  from  which 
to  calculate  the  theoretical  size  of  the  nozzle.  The  stream 
being  at  this  time  at  a  low  stage,  it  was  important  to  make  the 
most  efficient  use  of  the  available  water.  This  was  done  by 
using  a  nozzle  large  enough  to  pass  the  whole  supply — taking 
care,  however,  to  limit  the  size  so  as  not  to  lower  the  water- 
level  in  the  tank  at  the  head  of  the  pipe-line. 

As  the  weather  became  warmer,  the  nozzles  were  gradually 
enlarged  to  meet  the  increasing  volume  of  water ;  but  a  point 
was  finally  reached  where  further  enlargement  only  gave  de- 
creased power.  Evidently  the  loss  from  friction  had  more 
than  balanced  the  gain  from  the  increased  flow  through  the 
pipe.  However,  the  area  of  nozzle  that  developed  the  maxi- 
mum power  from  the  pipe-line  had  been  found.  This  was 
used;  and  the  surplus  water  was  allowed  to  run  to  waste  at 
the  head  of  the  line. 
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All  this  experimenting  necessitated  the  trial  of  nozzles  of 
many  different  sizes ;  and,  since  these  were  not  on  hand,  they 
were  improvised  as  needed.  Fig.  1  shows  the  quick  and  easy 
way  in  which  this  was  done.  A  hole,  0.25  in.  deep  and  of 
just  the  diameter  of  the  outer  rim  of  a  cast-iron  nozzle  that 
had  been  found  too  large,  was  bored  into  a  plank.  Then, 
using  a  bit  of  the  size  desired  for  the  new  nozzle,  the  hole  was 
continued  through  the  plank.  A  tapering  wooden  plug,  8  or 
10  in.  long,  was  made  to  fit  into  this  hole.  The  cast  nozzle  was 
forced  into  the  shallow  cut  in  the  plank,  the  inner  plug  put  in 
place,  and  the  space  between  plug  and  nozzle  filled  with  bab- 


Fig.  1. — Method  of  Beducing  the  Size  of  a  Nozzle  for  a 
Pipe-Line. 

bitt-metal.  The  wooden  plug  being  removed  left  a  nozzle  of 
the  desired  diameter.  When  this  particular  size  was  no  longer 
needed,  the  babbitt  bushing  was  easily  removed  by  heating. 

To  determine  the  relative  power  furnished  by  the  different 
nozzles,  it  was  only  necessary  to  count  the  number  of  drops  of 
the  stamps — a  method  which  may  seem  somewhat  crude,  but 
which  certainly  showed  the  effective  work  being  done. 

In  order  to  get  a  record  of  the  pressure  under  'the  various 
conditions,  the  pipe  was  tapped  close  to  the  nozzle,  and  a 
steam-gauge,  taken  from  the  boiler,  was  attached.  The  note- 
book containing  a  memorandum  of  these  tests  was  destroyed 
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in  the  great  fire  at  San  Francisco ;  but  the  general  facts  are : 
that,  with  the  valve  closed,  the  static  pressure  in  the  pipe  was 
60  lb.  per  sq.  in. ;  that,  no  matter  how  much  water  was  avail- 
able, it  was  harmful  to  use  a  nozzle  larger  than  2|  in.;  and 
that  even  a  change  of  ^  in.,  either  way,  caused  a  perceptible 
slowing-down  of  the  wheel. 

Discharging  through  this  2f-in.  nozzle,  the  pressure  stood  at 
40  lb. ;  or,  in  general  terms,  water  from  this  pipe-line  was 
yielding  its  maximum  power  when  one-third  of  the  head  was 
lost  in  overcoming  pipe-resistances.  Subsequent  consultation 
of  authorities  showed  that  this  agreed  very  jvell  with  the  re- 
sults obtained  from  the  theoretical  treatment  of  such  problems. 

Care  was  taken  during  the  trial  to  lag  up  the  pulleys,  so 
that  the  circumferential  speed  of  the  water-wheel  approximated 
to  one-half  the  velocity  of  discharge  from  the  nozzle,  calculated 
from  the  effective  head.  It  was  noted,  however,  that  a  small 
variation  was  not  important. 

Incidentally,  these  experiments  demonstrated  that  there  was 
a  very  considerable  waste  of  power  if  the  cam-faces  were 
not  kept  properly  greased ;  and  that  this  loss  occurred  long 
before  the  cams  were  dry  enough  to  throw  sparks.  On  the 
other  hand,  there  was  no  necessity  of  excessive  lubrication, 
incurring  the  risk  of  having  grease  thrown  on  the  amalgamat- 
ing-plates. 
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[TRANSACTIONS  OP  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


The  Sampling  of  Gold-Bullion.* 

BY  FREDERIC  P.  DEWEY,  WASHINGTON,  D.  C.f 
(Cleveland  Meeting,  October,  1912.) 

At  the  Seventh  International  Congress  of  Applied  Chemis- 
try I  presented  a  paper,*  The  Assay  and  Valuation  of  Qold- 
Bullion,  in  which  are  briefly  mentioned  a  few  illustrations  of 
different  methods  of  sampling  gold-bullion,  particularly  cyanide- 
bars.  Since  then  I  have  carried  on  an  extensive  investigation 
upon  the  sampling  of  gold-bullion  in  relation  to  its  effects  upon 
the  assay-results,  in  connection  with  the  statement  of  accounts 
between  the  smaller  assay-offices  of  the  United  States  which 
purchase  gold-bullion  and  the  mints  where  the  purchases  are 
re-deposited. 

Under  the  name  of  gold-bullion  are  included  metals  of  widely 
different  composition.  We  may  have  practically  pure  metal, 
999.75  fine  or  even  more  in  gold ;  alloys  of  gold  and  silver 
with  only  trifling  amounts  of  base  metal ;  alloys  of  gold  and 
copper  with  trifling  amounts  of  other  metals ;  ternary  alloys  of 
gold,  silver,  and  copper,  or  gold,  silver,  and  lead;  and  most 
complex  alloys  of  from  five  to  eight  or  more  constituents  of 
ordinary  occurrence,  besides  some  of  the  rarer  metals  occa- 
sionally. In  any  one  or  all  of  these  classes  we  may  have  one 
or  more  of  the  metalloids,  which  may  add  to  our  difficulties. 

Of  course,  with  metal  999.75  fine  in  gold  there  is  only  slight 
opportunity  for  different  samples  to  differ  in  fineness,  but  on 
such  fine  metal  we  expect  the  assays  to  agree  very  closely,  and 
the  sampling  must  be  done  with  the  utmost  care.  When  pos- 
sible, dip-  or  granulation- samples  of  the  molten  metal  should  be 
taken ;  but  when  it  is  necessary  to  sample  bars,  the  chief  point 
to  guard  against  is  surface-dirt. 

*  This  paper  was  read  at  the  Eighth  International  Congress  of  Applied  Chem- 
istry, New  York,  September,  1912,  in  advance  of  its  appearance  in  the  Annucd 
Report  of  the  Director  of  the  Mint  for  the  Tear  1911-12,  through  the  kind  permission 
of  the  Director.  It  is  here  published  by  mutual  a<;reement. 
t  Assayer,  Mint  Bureau,  U.  S.  Treasury,  Washington,  D.  C. 
»  Trans^y  xL,  780  to  797  (1909),  and  in  Annual  Report  of  the  Director  of  the  Mint 
far  the  Tear  1908-09,  p.  25. 
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In  the  case  of  four  melts  of  line  gold,  which  had  been  care- 
fully sampled  by  both  dips  and  chips,  one  of  the  chip-bars 
and  an  independent  bar  were  chipped,  and  the  chips  assayed. 
Table  I.  summarizes  the  results. 

Table  I. — Fine  Gold  Sampling. 


Original 
Report. 
Fineness. 

Sample-Bar. 
2il  Sample. 
Fineness. 

2d  Bar. 
Fineness. 

997.9 

997.7 
998. 

997.9 

997.6 

997.4 
997.3 

997.4 

997.4 

997,4 
997.4 

997.3 

997.2 

996.9 

996.9 

In  the  case  of  four  melts  of  metal  of  much  higher  grade, 
independent  samples  were  taken,  and  assayed  after  the  melts 
had  been  reported  by  the  assayer.  Table  II.  summarizes  the 
results. 

Table  II. — Fiiie  Gold  Sampling. 

Original  Report.  Resamples. 

Fineness.  Fineness. 

999.8  999.7 

999.7 

999.7  999.7 

999.7 

999.7  999.7 

999.6 

999.6  999.5 

999.5 

Our  standard  gold  (coin-gold)  contains  900  parts  of  gold  and 
100  of  copper.  When  made  from  pure  metals  it  does  not 
segregate.  Four  melts  of  standard  gold  were  carefully  sampled 
by  both  dips  and  chips  and  reported  by  the  assayer.  Subse- 
quently one  of  the  sample-bars  and  a  second  bar  were  chipped, 
and  the  chips  were  assayed.    Table  III.  summarizes  the  results. 

Table  III. — Standard  Gold  Sampling. 

Original  Sample-Bar. 

Report.  2d  Sample.  2d  Bar. 

Fineness.  Fineness.  Fineness. 

900  899.8  899.8 

899.9 

899.9  899.8  899.8 

899.8  899.7  899.6 

899.7  899.7  899.5 
899.8 
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In  the  cases  already  cited  the  sampling  is  a  very  simple 
matter,  and  the  variations  in  the  results  shown  may  as  well  be 
due  to  the  assaying  itself  as  to  the  sampling.  When,  however, 
we  come  to  consider  miscellaneous  bullion  of  more  complex 
composition,  the  sampling  assumes  greater  importance. 

From  a  bar  of  strictly  homogeneous  metal,  manifestly  it 
would  make  no  diflference  how  the  sample  was  taken,  since 
any  part  of  the  metal  would  represent  the  whole.  Bars  that 
are  practically  homogeneous  are  not  uncommon ;  and  such  bars 
would  not  have  to  be  melted  for  the  purpose  of  sampling,  if 
we  could  be  certain  that  they  were  homogeneous.  Only  two 
clashes  of  alloys  can  form  homogeneous  bars — those  that  are 
solid  solutions,  and  the  eutectics ;  and  unfortunately  there  are 
no  characteristics  by  which  the  homogeneity  of  a  bar  of  gold- 
bullion  may  be  readily  established.  As  a  general  proposition 
it  is  safe  to  assume  that  a  brittle  bar  of  gold-bullion  will  not 
be  homogeneous.  We  may,  of  course,  happen  to  get  a  bullion 
of  eutectic  composition,  which  would  be  both  brittle  and 
homogeneous,  but  eutectics  undoubtedly  form  a  very  small 
proportion  of  the  ordinary  run  of  gold-bullion.  On  the  other 
hand,  it  is  far  from  safe  to  assume  that  a  ductile  bar  is  homo- 
geneous. 

The  alloys  of  gold  and  silver,  and  gold  and  copper  form  con- 
tinuous series  of  solid  solutions,  and  they  may  carry  small 
amounts  of  other  metals  without  showing  marked  segregation. 
In  several  of  the  examples  cited  below,  remarkable  agreement 
in  the  assays  of  different  samples  of  gold  and  silver  alloys  con- 
taining small  amounts  of  impurities  shows  the  practical  ab- 
sence of  segregation.  Alloys  of  gold  and  copper  are  quite 
similar  in  their  heat-behavior  to  the  gold-silver  alloys,  but  I  do 
not  happen  to  have  any  satisfactory  series  of  samples  of  these 
carrying  small  amounts  of  other  metals. 

When  we  come  to  the  ternary  alloys  our  knowledge  of  their 
behavior  on  heating  and  cooling  is  too  scanty  to  permit  valid 
generalizations,  and  this  is  even  more  emphatically  true  of 
the  alloys  of  increasing  complexity. 

Of  general  miscellaneous  gold-bullion,  there  is  only  one 
universally  satisfactory  method  of  taking  a  sample  that  shall 
truly  represent  the  metal  sampled.  This  consists  in  pouring  a 
small  portion  of  the  well-mixed  molten  metal  into  water,  so  as 

[3] 

Digitized  by  VjOOQ IC 


1078  THE    SAMPLING    OF    GOLD-BULLION. 

to  produce  small  globules  or  granulations  of  the  metal.  As 
this  is  generally  done  by  dipping  out  a  portion  of  the  molten 
metal  in  a  small  cup,  such  a  sample  is  frequently  called  a 
"  dip,"  and  this  name  is  generally  used  throughout  the  present 
paper.  These  samples  are,  however,  often  called  "granula- 
tions ;  "  and  they  are  sometimes  made  by  pouring  directly  out 
of  the  crucible  into  the  water,  the  operation  of  casting  being 
interrupted  for  the  purpose. 

As  already  indicated,  there  are  indeed  various  cases  where 
other  styles  of  sampling  may  be  sufficiently  satisfactory,  and 
there  are,  moreover,  many  cases  where  it  is  desirable  or  even 
necessary  to  sample  a  bar  of  solid  bullion  without  melting  it. 
In  such  cases  a  chip  may  be  cut  off  from  the  bar  with  an  ordi- 
nary cold-chisel,  or  a  chisel  specially  designed  for  the  purpose. 
Power-driven  punches  with  special  tools  may  be  used.  Ma- 
chines are  also  built  which  bite  out  a  triangular  piece  of  metal 
by  means  of  a  projection  on  a  lever  operated  by  a  cam. 
Where  much  chip-sampling  is  done,  especially  on  small  bars, 
these  machines  save  much  time  and  labor.  A  third  method  of 
sampling  consists  in  boring  into  the  bar,  generally  with  a 
power-drill,  and  using  the  drillings  for  the  assay-sample. 

There  is  but  little  choice  in  the  location  of  a  chip-sample. 
It  must  necessarily  be  taken  from  a  corner  or  along  an  edge 
of  the  bar.  In  the  systematic  sampling  of  large  bars,  gener- 
ally two  chips  are  cut — one  from  the  top  and  one  from  the 
bottom  of  the  bar — and  properly  identified. 

In  taking  drill-samples  there  is  a  wide  choice  in  the  location 
of  the  drill-holes  and  in  the  sampling  of  large  bars  more  or 
less  of  a  plan  in  placing  the  holes  is  often  followed.  It  is  a 
common  practice  in  the  Mint  Service  to  drill  half-way  through 
a  bar  at  diagonally  opposite  corners  of  the  top,  and  unite  the 
drillings  for  the  top-sample.  The  remaining  corners  are  drilled 
half-way  through  from  the  bottom,  and  the  drillings  are  mixed 
for  the  bottom-sample.  Occasionally,  especially  when  sampling 
very  base  bars,  the  four  drillings  are  kept  separate;  and 
sometimes  holes  are  drilled  near  the  center  of  the  bar  also. 

Drill-samples  are  often  more  satisfactory  than  chip-samples, 
especially  where  large  numbers  of  bars  of  fairly  uniform  size 
and  composition  are  sampled  in  accordance  with  a  well-de- 
signed plan.     Drill-samples  of  brittle  bars  are,  however,  liable 
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to  be  unsatisfactory,  because  the -fine  and  coarse  portions  may 
diflfer  considerably  in  composition. 

In  the  purchase  of  gold-bullion  by  the  Mint  Service  of  the 
United  States,  the  size  of  the  deposit  has  an  important  bearing 
upon  the  question  of  sampling.  A  very  large  proportion  of  the 
deposits  will  weigh  less  than  100  oz.  each.  Manifestly,  slight 
differences  in  the  samples  on  such  bars  will  be  immaterial. 
When,  however,  the  weight  of  a  deposit  reaches  800  oz.  the 
samples  become  important,  and  with  bars  weighing  from  700 
to  1,200  oz.  correct  sampling  is  essential. 

Limiting  myself  for  the  most  part  to  these  large  bars  of  mis- 
cellaneous bullion,  I  propose  to  illustrate  by  specific  cases, 
drawn  from  actual  practice,  some  of  the  general  principles  un- 
derlying the  sampling  of  gold-bullion.  In  considering  these 
illustrations,  the  assay-results  must  not  be  too  rigidly  inter- 
preted. Besides  the  variations  in  the  results  due  to  variations 
in  the  samples,  there  are  three  other  variants  that  must  be 
kept  in  mind  constantly :  the  chapter  of  accidents ;  the  per- 
sonal equation  of  the  assayer ;  and  the  effect  of  the  composi- 
tion of  the  metal  upon  the  assaying  as  distinct  from  its  effect 
upon  the  sampling.  This  last  point  will  be  specially  dealt  with 
by  various  illustrations.  Making  reasonable  allowances  for 
these  variants,  it  is  thought  that  the  illustrations  are  sufficiently 
conclusive  upon  the  main  points  involved. 

To  begin  with  alloys  of  gold  and  silver  containing  only  small 
amounts  of  base  metal,  four  bars,  each  one  carrying  less  than 
4  base,  were  chipped  top  and  bottom,  and  each  one  of  the  eight 
samples  was  assayed  in  three  laboratories.  A  fifth  bar,  carry- 
ing 10  base,  was  treated  in  the  same  way.  Table  IV.  sum- 
marizes the  results  reported. 

Table  IV, — Sampling  Gold-Silver  Alloys  Low  in  Base  by  Chips, 

Fineness.  Assays.  Fineness.  Assays.  Fineness.  Assays.  Fineness.  Assays.  Fineness.  Assays. 

872.3  1    ...  875.7          ...    1         888.3  1    1         884.2         2    ...         873.8      ...    1 

872.4  2    ...  875.8           1    2         888.4  ...    6         884.8        ...      1         874.0       1  ... 

872.5  5     4  875.9           2    3         8&^.5  4    2         884.4         1      4         874.2       2    1 

872.6  ...      2         876.0  4    2         883.6  2    1         884.5         1      2         874.3       1  ... 

872.7  ...      8         876.1           1    1         883.7           3  884.6         1    ...  874.4       2    1 
873.0         1      1         876.2           2    1        -         8*4.7        ...      1         874.5       2    4 

874.6      ...    1 

874.7        1  ... 

Total...  9  10  10  10  10  10  5  8  9  8 

SUver...  124  121  114  111  116 
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Each  one  of  the  above  bare-  may  be  taken  as  a  single  prod- 
uct, but  a  bar  obtained  by  melting  89  small  bars  of  miscel- 
laneous origin  into  a  mass-melt  exhibits  a  remarkable  agree- 
ment of  chip-samples.  This  mass  weighed  a  little  more  than 
1,800  oz.  and  was  148  fine  in  silver.  It  was  chipped,  top  and 
bottom,  at  the  assay-office,  and  twice  at  the  mint  of  re-deposit. 
The  assay-office  samples  were  assayed  in  duplicate  there,  and 
the  four  mint  samples  were  assayed  in  four  laboratories; 
44  assays  were  made  on  the  six  chip-samples.  Table  Y.  sum- 
marizes the  results  reported : 

Table  V. — Sampling  a  Mass-Melt  by  Chips. 

1  assay  showed 679.7  fine  in  gold. 

4  assays  showed 679.8  fine  in  gold. 

2  assays  showed 678.9  fine  in  gold. 

2  assays  showed 680.1  fine  in  gold. 

6  assays  showed 680.2  fine  in  gold. 

8  assays  showed 680.3  fine  in  gold. 

3  assays  showed 680.4  fine  in  gold. 

4  assays  showed 680.6  fine  in  gold. 

7  assays  showed 680.6  fine  in  gold. 

5  assays  showed 680.7  fine  in  gold. 

2  assays  showed 680.8  fine  in  gold. 

1  assay  showed 680.9  fine  in  gold. 

44 

A  bar  carrying  more  than  90  base  and  weighing  606  oz.  was 
chipped,  top  and  bottom,  and  the  samples  were  assayed  at  the 
purchasing  office.  At  the  receiving-mint  it  was  drilled,  top 
and  bottom,  and  the  drillings  were  assayed  in  four  service 
laboratories.     Table  VI.  summarizes  these  assays. 

Table  VI. — Chip-  avd  DriU-SampUs  Agreeing. 

Fineness.  Chip.  Drill. 

741.6  ...  1 

741.7  ...  1 

741.8  ...  1 

741.9  ...  2 

742.0  ...  2 

742.1  2  3 

742.2  2  1 

742.3  ...  4 

742.4  ...  6 

Total 4  IQ 

Silver 165 
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A  bar  weighing  more  than  800  oz.  presents  another  remark- 
able case  of  the  presence  of  considerable  base  metal  without 
marked  segregation.  This  bar  was  drilled,  top  and  bottom, 
and  the  drillings  were  united  to  form  one  sample.  Two  other 
sets  of  drillings,  top  and  bottom,  were  taken  from  the  same 
bar,  and  each  sample  kept  separate.  These  five  samples  were 
assayed  69  times  in  five  laboratories.  Table  VII.  summarizes 
the  results  reported. 

Table  VII. — SampUng  GoldrSUver  Alloys  Containing  Considerable 

Base^  by  Drilling. 

6  BMajs  showed 351.0  fine  in  gold. 

10  aaBajs  showed 351.1  fine  in  gold. 

13  assays  showed 351.2  fine  in  gold. 

14  assays  showed 351.3  fine  in  gold. 

15  assays  showed 351.4  fine  in  gold. 

6  assays  showed 351.5  fine  in  gold. 

2  assays  showed 351.6  fine  in  gold. 

S  assays  showed 351.7  6ne  in  gold. 


This  bar  was  604  fine  in  silver  and  44.5  fine  in  base  metals. 

Two  other  bars  containing  less  base  metal,  but  also  consider- 
ably less  gold,  yielded  much  less  satisfactory  results.  These 
bars  weighed  nearly  1,200  oz.  each.  They  were  drilled,  top 
and  bottom,  and  the  drillings  united  to  form  one  sample.  One 
bar  was  drilled  twice  again,  top  and  bottom,  and  the  other 
three  times,  top  and  bottom,  each  drilling  being  kept  separate. 
These  12  samples  were  assayed  in  five  laboratories  and  Table 
VIII.  summarizes  the  results. 

On  the  other  hand,  a  ductile  bar  778  fine  in  gold  with  only 
9  base  yielded  unsatisfactory  results  for  this  grade  of  metal. 
This  bar  weighed  more  than  1,500  oz.  and  was  drilled,  top  and 
bottom,  the  drillings  being  mixed  for  one  sample.  Being  ductile, 
it  was  chipped  twice,  top  and  bottom,  at  the  mint  of  re-deposit. 
These  six  samples  were  kept  separate.  The  bar  was  remelted 
with  a  loss  of  0.88  oz.  and  two  dip-samples  were  taken.  The 
cold  bar  was  again  drilled,  top  and  bottom.  These  11  samples 
were  assayed  in  four  service  laboratories,  and  Table  IX.  sum- 
marizes the  results  reported. 
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Table  Viii. — DriUrSampUng  Gold-SUver  Alloy  Low  in 
Gold  and  Base. 


Fiueness. 

290.2 
290.6 
290.7 
290.8 
290.9 
291.0 
291.1 
291.2 
291.8 
291.4 
291.5 
291.6 
291.7 
291.8 
291.9 
292.0 
292.1 
292.2 
292.3 
292.4 
292.5 
292.7 
292.8 
292.9 
293.0 
293.1 


let 
Drill. 


IstBar. 
2d 
Drill. 
T.    B. 


8d 
Drill. 
T.    B. 

2    ... 

2    ... 

2    ... 

2    ... 

2    ... 

8    ... 

1    ... 


Total...    15  14    15 

Silver...  670 


...  1 

...  2 

...  1 

...  1 

...  1 

15  14 


Fineness. 

290.6 
290.9 
291.1 
291.5 
291.9 
292.0 
292.1 
292.2 
292.8 
292.4 
292.5 
292.6 
292.7 
292.8 
292.9 
298.0 
293.1 
293.2 
293.3 
298.6 
293.9 


2d£ 

(ar. 

ut 

2d 

8d 

4th 

)riU. 

Drill. 

Drill. 

Drill. 

T.    B. 

T.    B. 

T.    B. 

16 


15    14 


18    14 
671 


15    14 


Table   IX. — Sampling  Ductile  Gold-Silver  Alloy,  Low  in  Base. 


Fineneas. 
777.2 

list 
Drill. 

1 

1 
1 
1 
1 
3 
3 
1 

...12 
....     212., 

2d 

DriU. 
T.     B. 

l8t 

2d 
Chip. 
T.    '^B. 

1  ... 

2  ... 

Drill 
T. 

Remelt. 

Dip 
B.          T. 

B. 

777.3 

777.5 

777.6 

111,': 

3      ... 

1 

... 

777.8 

777.9 

... 

1 
1 

778.0 

...     2 
...     1 
...     3 
...     3 

1 
2 
2 
2 
2 
2 

2 

3 
5 
2 

778.1 

778.2 

2 

2 

1 

2 
3 

1 
1 
2 

778.3 
778.4 
778.5 

3 
1 
4 

1 

2 
4 
3 
2 

2 
6 

1 
1 
1 

1 
3 
5 

778.6 
778.7 

...       1 

1 
2 

778.8 

778.9 

779.0 

1 

10 

3 

11 

1 
6 

11 
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The  following  case  exhibits  what  is  probably  the  very  best 
agreement  between  various  samples,  and  between  an  assay- 
office  and  a  mint,  that  can  be  attained  under  every-day  work- 
ing-conditions : 

A  deposit  of  approximately  3,000  oz.  was  melted  in  the  as- 
sfty-office,  and  two  dip-samples  were  taken.  It  was  cast  into 
three  bars,  and  two  chip-samples  were  taken  from  each  bar. 
At  the  mint  of  re-deposit,  two  chip-samples  were  cut  from  each 
bar.  The  mint  samples  were  forwarded  to  the  Bureau,  and 
thence  sent  to  the  assay-office  and  afterwards  returned  to  the 
mint  to  be  assayed,  neither  institution  being  informed  what 
the  samples  were. 

In  all,  ten  samples  were  taken  from  this  deposit,  and  47 
assays  were  made  at  the  two  institutions.  Table  X.  summarizes 
the  assays  reported. 

Table  X. — Agreement  of  Assays  on  Various  Samples  at  Two 

Institutions. 

1  aasay  showed 875.5  fine  in  gold. 

1  assay  showed 875.6  fine  in  gold. 

4  assays  showed 875.7  fine  in  gold. 

4  assays  showed ^ 875.8  fine  in  gold. 

14  assays  showed 875.9  fine  in  gold. 

12  assays  showed 876.0  fine  in  gold. 

6  assays  showed 876.1  fine  in  gold. 

4  assays  showed 876.2  fine  in  gold. 

1  assay  showed 876.3  fine  in  gold. 

47 

If  we  eliminate  the  results  that  were  reported  only  once 
each,  we  have  44  assays,  ranging  from  875.7  to  876.2.  This 
deposit  might,  therefore,  be  properly  reported  by  either  institu- 
tion at  either  875.75  or  876.  It  did  not  contain  over  4 
base. 

On  three  bars  the  purchasing  office  took  chip-  and  dip-sam- 
ples, and  on  a  fourth  bar  took  dip-  and  drill-samples.  The 
mint  of  re-deposit  cut  two  chip-samples  from  each  bar.  These 
samples  were  assayed  in  various  service  laboratories,  and 
Table  XL  summarizes  the  results  on  the  various  styles  of 
samples. 
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Table  XI. — Sampling  in  Various  Ways  with  Satisfactory 
Agreement. 

t  i  i  i 

s£"2S5       3=22. 3       ^-SS       .2      322 

861.4  ...       1       2      895.1       1      ...        2      858.5       1      ...        I      883.2      1 

861.5      1      895.2      3      858.7      ...        1      ...      883.8      ...       2      ...    • 

861.7  1       1      ...      896.8      ...        1       4      858.9      1      888.4       1       1       1 

861.8  ...       4       1      895.4       1      ...        2      859.0       1       8       1      883.5       2       16 

861.9  8       1       4     895.5       12       1      859.1       1        1       2      888.6      1 

862.0  3       8       6  895.6  112  859.2  3       3       7  S83.7  ...       1  4 

862.1  8       13  895.7  2  2       1  859.3  112  888.8  5       4  ... 

862.2  1       1      ...  895.8  3  3      ...  859.4  3      ...       1  883.9  3       3  8 

862.3  2       1      ...  895.9  3  4      ...  859.5  5       1      ...  884.0  3       2  1 

862.4  1      896.0  1  ...        1  859.6  ...        3       3  884.1      1 

896.1  1      859.7        1      884.2  .^      ...  1 

896.2  ...  1      

Totals...  14  13  17        14  14   16        16  13   18        14  14  19 
SilTer...   134  98  137  113 

On  three  bars  the  purchasing  office  took  dip-  and  drill-sam- 
ples,  and  the  mint  of  re-deposit  took  top  and  bottom  drill- 
samples.  These  samples  were  assayed  in  various  service 
laboratories,  and  the  results  are  summarized  in  Table  XlL^ 
showing  a  considerable  agreement  between  the  dip-samples  and 
the  drills  taken  at  the  separate  offices.  But  a  better  agree- 
ment is  desirable. 

Table  XIT. — Dip-  and  Drill'Samples  Partly  Satisfactory. 

Fine-  Fine- 

ness.       Dip.      Drill.     Drill,     new.         Dip.      Drill.  Drill. 


Fine- 

ness. 

Dip. 

Drill. 

Drill. 

822.4 

1 

822.7 

1 

822.8 



2 

822.9 

1 

1 

1 

823.0 

3 

1 

2 

823.1 

3 

2 

1 

823.2 

2 

4 

823.3 



8 

1 

823.4 

1 

2 

4 

823.5 

1 



823.6 



2 

823.7 



1 

1 

823.8 





4 

«i3.9 



I 

824.1 

1 

::: 





973.4         1         972.1 

973.5          1          972.2 

978.6  1  972.3 

973.8          1             1  972.4 

974.0  2  972.5 

974.1          1         ....  972.6 

974.2  2          2  972.7 

974.3  2          972.8 

974.4  1          1  972.9 

f«74.5  2  12  978.0 

974.6  1          978.1 

974.7         1             2  978.2 

974.8  3  2  4  973.3 

974.9  1          2  973.4 

975.0          4             1  973.5 

975.1  1             1          973.6 

975.2         1             2  978.8 

975.3  1          1  974.3 


1 

1 
1 

'.!!"! 

3 



3 

4 

1 

1 

3 

1 

1 

1 

1 

2 
2 



2 

2 

3 

1 





1 

1 

I 



1 

1 
2 

1 



1 

1 

1 

2 

975.7 

Totals...    13         14  a5  14  14  21  14  14       19 

Silver...  162  4  Practically  none. 
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On  four  bars  the  purchasing  office  took  dip-  and  drill-sam- 
ples and  the  mint  of  re-deposit  cut  two  chips  from  each  bar. 
These  samples  were  assayed  in  various  laboratories  in  the  serv- 
ice, and  Table  XEII.  summarizes  the  results  reported,  showing 
the  chip-samples  to  be  unsatisfactory. 

Table  XIII. — Chip-Samples  Unsatisfactory. 


1 

s 

i 

5 

1 

'p. 
g 

§ 

a 

1 

S 

d 
I 

821.8 

... 

1 

892.3 

... 

... 

1 

898.0 

... 

I 

820.7 

1 

822.3 

... 

8 

892.6 

... 

2 

898.1 

... 

4 

820.8 

... 

'   2 

822.5 

... 

1 

892.7 

... 

5 

898.2 

... 

2 

820.9 

2 

822.6 

1 

892.8 

... 

2 

898.3 

... 

1 

8 

821.0 

1 

822.7 

2 

1 

1 

892.9 

1 

... 

4 

898.4 

1 

2 

2 

821.1 

... 

... 

822.9 

... 

1 

893.1 

... 

2 

898.6 

1 

2 

1 

821.2 

2 

82S.0 

1 

2 

893.2 

1 

1 

1 

898.7 

3 

1 

821.3 

... 

828.1 

3 

3 

893.3 

4 

2 

1 

898.8 

2 

2 

1 

821.4 

2 

... 

823.2 

... 

898.4 

... 

1 

898.9 

3 

3 

... 

821.5 

1 

823.8 

2 

... 

893.5 

5 

4 

899.0 

3 

2 

... 

821.6 

1 

828.4 

1 

1 

893.6 

8 

... 

899.1 

1 

1 

821.7 

3 

1 

828.5 

2 

1 

893.7 

... 

1 

1 

899.4 

... 

... 

1 

821.8 

3 

1 

823.6 

... 

8 

2 

893.8 
898.9 

... 

1 
1 

899.8 
899.9 

... 

1 
1 

... 

821.9 
822.0 
822.1 
822.5 

1 
2 

2 
2 

1 

Totals..  16 

13. 

17 

14 

13 

17 

14 

14 

17 

15 

13 

12 

Silver. 

.. 

160 

97 

88 

172 

On  three  bars  the  purchasing  office  took,  dip-  and  chip-sam- 
ples and  the  receiving  mint  cut  two  chips.  These  samples 
were  assayed  in  various  laboratories  in  the  service,  and  Table 
XIV.  summarizes  the  results  reported,  showing  that  the  mint 
chip-samples  were  entirely  unsatisfactory. 

A  very  complete  set  of  samples  from  five  bars,  contained  in 
one  shipment  made  by  a  purchasing  office  to  a  mint  for  re-de- 
posit, shows  what  may  happen  under  every-day  working-con- 
ditions in  handling  bullion  of  moderate  grade.  Everything 
considered,  the  first  set  of  samples  may  be  taken  as  fairly  sat- 
isfactory, but  the  last  set  is  totally  unsatisfactory.  At  the  office 
of  purchase  two  dips  and  two  drills  were  taken  from  each  bar. 
At  the  mint  of  re-deposit  two  drills  and  two  chips  were  taken. 
Each  one  of  these  eight  samples  on  each  bar  was  assayed  in 
various  service  laboratories,  and  Table  XV.  summarizes  the  re- 
sults reported ;  the  assays  on  each  set  of  two  samples  being 
grouped. 
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Table  XIV.— 

Second  Chip-Samples  Unsatisfactory. 

Flnenen.   Dip. 

Chip. 

Chip 

.    Fineness. 

Dip. 

Chip.    Chip.  Fineness. 

Dip.  Chip.  Chip. 

879.8       ... 

... 

1 

890.3 

... 

... 

1       867.6 

... 

... 

1 

880.0       ... 

... 

1 

890.5 

... 

... 

2      867.8 

... 

... 

1 

880.1       ... 

... 

2 

890.6 

... 

2      868.1 

... 

2 

880.6       ... 

1 

890.8 

... 

... 

1      868.2 

... 

... 

1 

881.3      ... 

... 

1 

890.9 

... 

... 

4      868.3 

... 

... 

1 

881.4      ... 

... 

1 

891.0 

... 

1      868.6 

4 

881.6      ... 

... 

2 

891.1 

... 

... 

1      868.6 

... 

... 

4 

881.6      ... 

... 

1 

891.2 

... 

... 

1       888.7 

... 

... 

I 

881.7      ... 

... 

2 

891.8 

... 

2 

1      868.8 

... 

1 

... 

881.9      ... 

"i 

... 

891.4 

"2 

... 

...       869.0 

... 

1 

i 

882.0      ... 

1 

I 

891.6 

... 

2 

...       869.3 

1 

... 

... 

882.1       ... 

... 

1 

891.6 

4 

1 

...       869.6 

... 

1 

... 

882.2      ... 

"2 

... 

891.7 

5 

•      1 

...      869.6 

6 

... 

882.3        2 

3 

... 

891.8 

2 

4 

...      869.7 

1 

... 

882.4        3 

1 

... 

891.9 

... 

6 

...      869.8 

1 

... 

882.5        2 

4 

... 

892.0 

'4 

1 

...      869.9 

1 

... 

882.6        2 

.  •. 

1 

892.2 

1 

3 

...      870.0 

2 

... 

882.7        4 

. 

... 

892.3 

... 

1 

...      870.1 

I 

... 

882.8       ... 

"3 

... 

... 

...      870.2 

2 

... 

882.9        2 

... 

... 

... 

... 

...      870.3 

2 

883.0        3 

1 

... 

... 

...      870.4 

... 

... 

883.1        1 

1 

... 

... 

...      870.5 

1 

... 

883.2       ... 

1 

... 

... 

... 

...      870.6 
...       870.7 
...       870.9 
...      871.0 
...       871.1 

2 

... 

Totals...  19 

18 

15 

18 

20 

14 

22 

21 

16 

Silver... 

90 

98 

93 

Tablb  XV.— 

Sampling  Five  Bars  of  Miscellaneous  Bullion. 

i 

s 

i 

1     a  i 

r 

i      a 

X. 

■c     2 

I    d 

i 

•c 

d 

2 

b        fi      Q 

Q 

u 

b           Q 

Q 

ft    3 

s;      Q 

Q 

P 

6 

630.3      ...        1 

1 

... 

755.0 

1      1 

544.2 

... 

1 

630.4      ...        1 

1 

766.1        ... 

1     ... 

544.3 

... 

1 

630.5      

2 

755.2        ... 

2 

544.6    ... 

... 

1 

630.6       3      ... 

.. 

... 

755.3        ... 

... 

1      2 

544.7    ... 

... 

... 

1 

680.7       1       1 

0 

3 

755.4 

8        2 

544.9    ... 

1 

630.8      

2 

1 

7r)5.5 

1 

1      ... 

545.0 

... 

2 

630.9       2       1 

2 

1 

755.6 

1       4 

545.1 

... 

1 

1 

631.0       2       2 

2 

2 

755.7 

1 

545.2    ... 

... 

1 

631.1       3      ... 

... 

755.9 

1 

1      ... 

545.8    .... 

... 

... 

2 

631.2       2       2 

1 

7.-)6.0 

... 

1      ... 

545.4     1 

1 

631.3       1       2 

1 

... 

756.1        ... 

1 

1       1 

545.5 

... 

1 

631.4        1       2 

75().2 

2 

3       1 

545.6 

... 

1 

1 

631.5       1        2 

1 

1 

756.3 

1 



545.7 

... 

1 

... 

681.6      

2 

... 

756.4 

1 



545.8 

1 

1 

1 

631.7      ...        1 

1 

... 

756.5  1 

766.6  2 

756.7  2 

756.8  1 

2 

1 

1      ... 

1      ... 

545.9     2 

546.0  2 

546.1  8 

546.2  1 

1 

1 

1 

... 



756.9         1 

1 

546.8         1 

2 

... 



767.2         8 

... 



546.4         8 

1 

1 

... 



... 

757.8         1 

1 



546.5         2 

2 

... 

... 



757.4         2 

546.6         1 

2 

1 

... 



.:. 

757.5         1 

... 



546.7 
546.8        ... 

1 
1 

1 

... 



... 

... 



546.9         2 
547.0        ... 
547.2        ... 
447.3 

1 
2 

1 
1 
1 

... 

TotaU...16     15 

14 

12 

14 

12 

16     14 

18 

i§^ 

14 

li 

Silver... 

330 
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Plneneas. 

Dip. 

DrilL 

DrlU. 

Chip. 

Finenem. 

Dip. 

Drill. 

Drill. 

Chip. 

649.4 

... 

... 

... 

1 

568.5 

... 

... 

... 

1 

549.7 

... 

... 

... 

1 

669.6 



... 

1 

550.5 

... 

... 

... 

1 

573.9 

... 

... 

1 

651.0 

... 

... 

... 

1 

674.6 

... 

... 

... 

1 

551.4 

... 

... 

•.. 

1 

675.4 

... 

... 

... 

1 

651.7 

■•• 

... 

... 

2 

675.7 

... 

... 

1 

651.8 

... 

... 

... 

1 

576.4 

... 

... 

... 

1 

561.9 

1 

... 

1 

... 

576.5 

... 

... 

... 

1 

552.1 

1 

... 

... 

2 

577.0 

... 

... 

2 

552.2 

... 

1 

... 

677.2 

... 

... 

1 

662.3 

... 

... 

1 

577.3 

... 

... 

1 

... 

652.5 

... 

1 

1 

577.4 

... 

... 

... 

1 

652.6 

1 

3 

... 

577.6 

... 

... 

1 

... 

552.7 

3 

... 

2 

1 

577.8 

... 

... 

1 

... 

552.8 

2 

1 

1 

... 

577.9 

... 

... 

1 

... 

552.9 

4 

4 

3 

678.0 

... 

... 

2 

... 

663.0 

2 

... 

... 

578.1 

... 

1 

... 

553.1 

4 

5 

1 

... 

578.3 

1 

... 

... 

... 

553.2 

3 

3 

... 

... 

578.4 

... 

1 

... 

... 

563.3 

... 

3 

... 

... 

578.5 

... 

1 

1 

... 

553.4 

... 

1 

1 

... 

578.6 

... 

3 

2 

... 

553.5 

1 

... 

... 

... 

678.7 

3 

2 

2 

1 

553.6 

... 

... 

2 

... 

578.8 

3 

1 

... 

... 

... 

... 

... 

578.9 

4 

2 

1 

... 

... 

... 

... 

... 

579.0 

4 

1 

1 

... 

... 

... 

•■ . 

... 

579.1 
579.2 
579.3 
579.4 
679.6 
579.6 
579.7 

1 
2 

1 
1 

3 
1 

1 

1 
1 

1 

Totals.. 

.     22 

17 

16 

13 

20 

18 

14 

14 

Silver... 

410 

335 

A  small  bar  made  by  melting  up  scrap-material  has  a  most 
interesting  and  instructive  sample-history.  The  bar  weighed  a 
trifle  more  than  31  oz.  and  was  shipped  from  the  assay-oflBce  as 
826  fine  in  gold.  At  the  receiving  mint  it  was  drilled,  top  and 
bottom,  and  while  the  assays  on  these  samples  agreed  fairly 
well,  yet  they  averaged  considerably  less  than  826.  The  bar 
was  again  drilled,  top  and  bottom,  and  these  samples  yielded 
very  erratic  assays.  The  bar  was  then  melted  and  two  dip-sam- 
ples were  taken.  The  solid  bar  was  again  drilled,  top  and 
bottom.  These  eight  samples  were  assayed  in  four  service 
laboratories,  and  Table  XVI.  summarizes  the  results  reported. 
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Table  XVI. — Sampling  a  Small  Unsatisfactory  Bar. 


Fineness. 

DrUl. 
T. 

B. 

Drill. 
T.            B. 

Drill. 
T. 

B. 

Remelt. 

Dip. 
1st. 

2d. 

823.0 

823.6 

823.7 

823.9 

824.3 

824.4 

2 

824.7 

1 

...... 

826.1 

1 

2 

825.2 

2 

1 

( 

825.3 

1 

1 

1 

825.4 

2 

2 

1 

826.5 

4 

2 

825.6 

2 

2 

1 

3 

1 

826.7 

1 

1 

1 

825.8 

1 

1 

3 

3 

826.9 

1 

1 

1 

1 

826.0 

1 

1 

1 

2 

3 

826.1 

1 

1 

826.2 

2 

2 

2 

826.3 

2 

1 

2 

826.4 

1 

1 

826.6 

1 

1 

2 

826.6 

2 

2 

827.0 

1 

Totals 

.  11 

11 

11 

7 

10 

9 

13 

12 

Silver 

143 

On  three  bars  drills  were  taken  from  diagonally  opposite 
corners  on  top  of  the  bar  and  also  near  the  center  of  the  bar. 
The  other  two  corners  were  drilled  from  the  bottom  of  the  bar 
and  a  drilling  was  made  near  the  center  of  the  bottom.  All 
the  top-drillings  were  mixed  to  make  one  sample,  and  all  the 
bottom-drillings  to  make  another.  These  samples  were  assayed 
in  two  laboratories,  and  Table  XVIL  summarizes  the  results 
reported,  to  which  are  added  for  comparison  duplicate  assays 
of  two  dip-samples  of  each  bar  made  in  one  of  the  laboratories. 
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Table  XVTL — Sampling  by  Top  and  Bottom  Drills, 

Ist  Bar.  2d  Bar.  8d  Bar. 

Fineness.  Bottom.       Top.     Fineness.     Bottom.        Top.    Fineness.  Bottom.     Top. 

883.7        2  884.8  3  888.7  1         


883.9        4          884.9            3          888.8  1         

884.0  1          885.0            4          888.9  1         

884.1  6          885.1            3          889.0  2 

884.2  3          885.2            3          889.1  3 

884.3  1          885.3           1          889.2  2 

884.4  1          885.4            5          889.3  1 

884.6  1          .....        885.5            2          889.4  2 

884.7     1          885.6            1          889.5  2  1 

885.1     5          8S5.7            1          889.6  1 

885.2    2         886.2        4  889.7  1 

885.3    1          886.3        3  889.8  3         

885.4     3          886.5        6  890.0      2 

885.5     2          886.6        4  890.1      3 

885.6    4          886.7        1  890.2      2 

885.7    2          886.8        1  890.3       1 

887.0        1  890.6       2 

891.1       1 

891.3      1 

891.4      1 

891.6      1 

891.7      1 

891.8      1 

891.9       1 

• 892.2      2 


19  20  26  20  20  20 

Dip-Samples.  Dip-Samples.  Dip-Samples. 

884.0  3  885.3  1  889.1  2 

884.1  1  885.4  1  889.2  2 

885.5  1 

885.7  1 

With  the  exception  of  the  single  assay  at  889.5  on  the  third 
bar,  all  the  top-assays  are  above  the  highest  bottom-assay  on 
each  bar.  All  the  top-assays  are  above  the  dip-assays  in  each 
one  of  these  cases.  Each  one  of  the  bars  was  less  than  5 
fine  in  silver. 

As  a  general  proposition,  a  drill-sample  will  often  be  better 
and  more  satisfactory  than  a  chip-sample,  simply  because  it 
represents  a  larger  volume  of  the  metal ;  but  a  drill-sample  of 
a  brittle  bullion  may  be  open  to  a  serious  objection,  because 
the  fine  particles  of  the  sample  are  generally  liable  to  be  quite 
different  in  composition  from  the  coarse  portions,  so  that,  even 
if  the  drill-sample  as  a  whole  should  be  fairly  representative 
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of  the  bar,  yet  it  would  be  necessary  to  have  the  0.5  g.  weighed 
out  for  the  assay  composed  of  fine  and  coarse  material  in  just 
the  same  proportions  as  the  whole  sample.  Manifestly  this 
will  seldom  be  the  case. 

Drill-samples  of  two  closely-related  bars  were  sifted  on  an 
80-mesh  screen,  and  yielded  the  following  results : 

Ut  BnUion.  2d  Bullion. 

Coarse  portion 290.3  fine.  291.4  fine. 

290.4  fine.  391.6  fine. 

Fine  portion 287.8  fine.  290.1  fine. 

Two  other  drills  of  these  same  bars  were  sifted.  The  por- 
tion between  20-  and  40-mesh  and  that  finer  than  GO-mesh  were 
assayed,  with  the  following  results : 

1st  BulUon.  2d  Bullion. 

20-40-me8h 290.4  fine.  291.9  fine. 

291.9  fine.  292.3  fine. 

60-me8h 289.6  fine.  290.3  fine. 

290.3  fine.  290.8  fine. 

Two  other  bullions  treated  like  the  last  illustration  showed : 

l8t  Bullion.  2d  Bullion. 

20-40-meBh 351.7  fine.  573.2  fine. 

351.9  fine.  573.4  fine. 

60-me8h 350.2  fine.  566.6  fine. 

350.5  fine.  667.3  fine. 

An  entirely  different  bullion  sifted  differently  showed : 

40-60-me8h 585.3  fine.  lOO-mesh 584.6  fine. 

585.4  fine.  584.7  fine. 

A  very  rich  bullion  sifted  like  the  last  showed : 

40-60-me8h 889.2  fine.  lOO-mesh 887.8  fine. 

889.2  fine. 

Five  samples  of  a  bullion  which  had  given  discordant  assays 
were  subjected  to  sifting-tests,  and  the  resulting  samples  were 
assayed.  Four  drill-samples  were  sifted  on  lOO-mesh,  and  the 
coarse  and  fine  portions  yielded  the  following  results : 

A.  B.  c.  D. 

Coarse.        Fine.       Coarse.     Fine.        Coarse.        Fine.         Coarse.         Fine. 

615        612.7      615.3      612.2       613.9  612.9  612.8        608. 

617        614.4      615.9      612.3       615.1  613.1  616.6        609.4 

617.9      613.7  614.1  610.5 
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Slightly  more  than  a  gram  of  the  small  pieces  of  a  dip- 
sample  was  crashed  and  assayed  in  duplicate.  Coarser  pieces 
were  crushed  and  sifted  on  SO-mesh.  The  three  samples  yielded 
the  following  results : 


Whole  Di]>-Sample. 

Crashed  Dip-Sftmple. 

CoATie.                                       Fine. 

614.8 

614.8                                       614.8 

615. 

615.2                                     614.9 

This  bullion  carried  bismuth. 

No  class  of  bullion  has  given  assayers  the  world  over  so 
much  trouble  as  the  so-called  cyanide-bullion.  Not  all  bullion 
produced  by  cyanide-mills  is  troublesome.  Hundreds  of  bars 
produced  by  such  mills  have  passed  through  our  Mint  Service 
without  the  slightest  trouble.  It  is  easy  enough  to  produce  a 
high-grade  refined  bar  from  the  zinc-box  precipitate;  but  when 
this  precipitate  is  melted  direct  and  put  into  bars  without 
proper  refining,  there  is  liable  to  be  no  end  of  trouble  with  the 
assays.  Unfortunately,  too,  in  some  instances  the  precipitate 
is  not  as  thoroughly  cleaned  from  zinc  before  drying  as  it 
might  be.  These  dirty  unrefined  bars  are  the  ones  that 
are  usually  spoken  of  as  "  cyanide-bars "  with  so  much  dis- 
paragement. 

More  than  15  years  ago  Roberts- Austen  ^  gave  a  start- 
ling illustration  of  the  difficulties  and  uncertainties  of  assaying 
this  class  of  bullion.  A  bar  weighing  393  oz.  was  sampled 
and  assayed  in  the  usual  manner,  and  paid  for  at  £965.  The 
gold  from  this  bar  was  separated  and  refined  by  itself,  and  was 
found  to  be  worth  £1,028.  This  meant  a  loss  of  £63,  or  more 
than  f  300,  to  the  former  owner  of  the  bar. 

It  is  generally  assumed  that  the  zinc  remaining  in  the  bullion 
is  the  cause  of  the  trouble,  but  no  clear  and  systematic  ex- 
planation of  its  action  has  yet  been  given.  It  is  quite  probable 
that  its  action  is  complex,  and  differs  in  different  bullions  ac- 
cording to  the  presence  or  absence  of  other  metals.  I  hav^e,  for 
instance,  published  ^  50  assays  made  in  eight  laboratories  on  a 
synthetic  bullion  approximately  590  fine  in  gold,  245  in  silver, 
130  in  zinc,  with  a  little  copper  and  a  very  little  lead,  which 

»  Annual  Report  Deputy  Master  and  Qmptrollerof  the  Mint,  No.  27,  p.  38  ( 1896). 
»  Trans,  f  xl.,  794  (1909).     Annual  Report  of  the  Director  of  the  Mint  for  the  Year 
1908-09,  p.  34. 
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ranged  from  588.9  to  589.9  fine  in  gold.  Clearly  the  zinc  did 
not  seriously  interfere  with  the  actual  assaying  in  this  case. 

I  have  also  published^  207  assays  made  on  three  bars  of 
bullion  produced  in  the  celebrated  Mercur  mill,  showing  widely- 
varying  assays.  By  a  qualitative  analysis,  this  bullion  was 
found  to  carry  both  cadmium  and  nickel,  and  four  other  buL 
lions  from  cyanide-mills  in  Montana  showed  these  metals.  At 
present  I  am  carrying  on,  as  occasion  permits,  a  series  of  test- 
assays  on  synthetic  alloys  of  gold,  zinc,  and  cadmium. 

From  our  tests  in  sampling  cyanide-bullion  I  am  satisfied 
that  much  of  the  variation  ordinarily  shown  by  the  assays  of 
this  class  of  bullion  is  due  to  differences  in  the  samples,  arising 
from  the  effect  of  the  zinc  upon  the  physical  structure  of  the 
metal ;  but,  aside  from  this,  there  are  many  cases  where  the 
composition  of  the  metal  directly  affects  the  assay-work  itself. 


Table   XVni.- 

'Effects 

of  Composition   Upon  the  Assay- Work 

Ist 

2d 

Ist 

2d 

1st 

2d 

FlnenesB. 

Dip. 

Dip. 

Fineness. 

Dip. 

Dip. 

Fineness. 

Dip. 

Dip. 

784.9 

1 

816.6 

1 

821.9 

1 

785.2 

3 

816.8 

2 

822.0 

2 

786.3 

1 

817.0 

1 

822.2 

3 

786.4 

3 

1 

817.2 

1 

822.3 

2 

2 

785.5 

2 

1 

817.3 

1 

822.4 

1 

3 

786.6 

1 

2 

817.4 

2 

1 

822.6 

1 

2 

786.7 

3 

817.5 

1 

822,6 

2 

785.8 

1 

817.6 

3 

2 

822.7 

2 

786.9 

2 

3 

817.7 

2 

822.8 

4 

1 

786.0 

1 

1 

817.8 

1 

1 

822.9 

1 

786.2 

1 

817.9 

2 

3 

823.0 

2 

786.3 

1 

818.0 

1 

1 

823.1 

3 

786.6 

1 

818.1 

3 

823.2 

1 

2 

786.6 

1 

2 

818.2 

2 

823.6 

1 

786.8 

1 

818.3 

1 

1 

823.6 

2 

787.0 

1 

3 

818.4 
818.5 
818.6 
818.7 
818.8 
819.0 
819.1 
819.2 
819.3 

1 

1 
1 

2 

2 
2 

1 
1 
1 
1 

1 

823.7 

1 

Totals 

18 

19 

22 

25 

20 

19 

These  bars  n 

inged  from  6  to  10  fine  in 

silver 

*  Engineering 

and  Mining  Joumaly  vol. 

zciii., 

No. 

15,  p.  733 

(Apr. 

13,  1912). 
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The  illustrationB  of  top-  and  bottom-drilling  given  in  Table 
XVII.  are  from  cyanide-bare.  Five  of  these  samples  show 
that  individual  samples  of  cyanide-bullion  may  give  fairly  sat* 
isfactory  results,  but  that  two  such  samples  from  the  same  bar 
may  leave  the  question  of  the  actual  content  of  gold  in  the  bar 
in  doubt. 


Tablb  XIX. — Sampling  Cyanide-Bullion. 


ineness. 

1st  Bar. 
Drilla.    Dips. 

Fineness. 

2d  Bar. 
Drills,    Dips. 

Fineness. 

SdBar. 
Drills.    Dips. 

826.9 

1 

816.9 

1 

88L5 

1 

827.2 

2 

817.2 

1 

832.1     . 

1 

827.3 

1 

817.3 

3 

832.3     . 

3 

827.4 

1 

817.5 

1 



832.4     . 

..*• 

1 

827.6 

1 

818.3 

1 

832.6     . 

1 

827.7 

3 

818.4 

1 

832.8 

1 

2 

827.8 

1 

818.5 

832.9 

1 

1 

828.3 

1 

818.6 

1 

833.0     . 

4 

828.4 

2 

818.7 

833.1 

1 

3 

828.5 

4 

818.8 

833.3 

1 

2 

828.6 

1 

1 

818.9 

1 

833.4 

1 

3 

828.7 

1 

4 

819.0 

1 

833.5 

3 

6 

828.8 

2 

1 

819.1 

2 

833.6 

1 

1 

829.0 

1 

3 

819.2 

833.7 

1 

1 

829.1 

2 

2 

819.3 

833.8 

2 

1 

829.2 

3 

3 

819.4 

833.9     . 

.... 

1 

829.3 

1 

5 

819.5 

1 

3 

834.0 

1 

2 

829.4 

1 

2 

819.6 

2 

3 

834.1 

1 

2 

829.6 

1 

5 

819.7 

2 

834.4 

1 

1 

829.6 

1 

3 

819.8 

2 

834.7 

I 



829.7 

1 

819.9 

4 

835.0 

1 

829.8 

3 

820.0 

4 

4 

835.4 

2 

829.9 

2 

1 

820.1 

1 

835.5 

1 



830.0 

4 

820.2 

2 

2 

835.6 

1 

830.1 

1 

820.3 



2 

835.9 

1 

830.3 

1 

820.5 

1 

830.4 

1 

820.6 

1 

2 

830.5 



1 

820.7 

2 

1 

830.8 

1 

820.8 
820.9 
821.0 
821.2 
821.4 
821.5 
821.8 
822.1 

2 
2 

1 
1 
1 
1 
1 
1 

1 

als 

34 

42 

34 

40 

23 

36 

All  of  these  bars  carried  less  than  5  of  silver. 
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Again,  three  bars  from  the  same  mill  were  sampled  by  dips, 
twice  each,  and  the  six  samples  were  assayed  in  various  labora- 
tories in  the  service,  giving  widely  varying  results,  and  show- 
ing the  effect  of  the  composition  of  the  metal  upon  the  actual 
assaying.     Table  XVm.  summarizes  the  results  reported. 

Three  bars  deposited  at  one  time  by  a  cyanide-mill  furnish 
an  excellent  illustration  of  the  general  conditions  in  handling 
this  class  of  bullion.  Two  drills  and  two  dips  were  taken  from 
each  bar,  and  the  12  samples  were  sent  to  various  laboratories 
in  the  service  for  assay.  Table  XIX.  summarizes  the  results 
reported,  together  with  the  original  assays  at  the  office  of  de- 
posit, the  assays  on  each  kind  of  sample  being  grouped. 

In  one  office  receiving  a  great  deal  of  high-grade  bullion  it 
is  the  general  experience  that  the  chip-samples  will  run  some- 
what below  the  dip-samples  on  this  rich  material.  Illustrations 
already  given  show  that  no  fixed  relation  is  generally  exhibited 
between  the  dip-  and  drill-samples  as  to  the  tenor  of  gold. 
Where  many  bars  of  practically  uniform  composition  are 
drilled  in  accordance  with  a  well-designed  plan,  a  more  or  less 
fixed  relationship  between  the  drill-  and  dip-assays  might 
appear.  Such  a  plan  was  developed  at  one  time  for  certain 
deposits  at  one  of  our  mints. 

Table  XX.  shows  that  with  cyanide-bars  a  drill-sample 
may  give  much  higher  assays  than  a  dip-sample.  On  the  first 
bar,  13  assays  of  the  drill-samples  are  above  the  highest  assay  on 
the  dip-samples;  and  on  the  second  bar,  22  drill-assays  exceeded 
the  highest  dip-assays.  Two  cyanide-bars,  each  weighing  about 
850  oz.  and  practically  free  from  silver,  were  drilled,  top  and 
bottom,  and  these  four  samples,  together  with  four  correspond- 
ing dips,  were  sent  to  various  service  laboratories  for  assay. 
Table  XX.  summarizes  the  results  reported,  together  with  the 
original  mint-assays,  the  assays  on  each  kind  of  sample  being 
grouped. 
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Table  XX. — SampUng  Gyanide-BuUion  by  Drills  and  Dips. 


iBt  Bar. 
Fineness.    Drills. 

894.7 

1 

894.8 

2 

895.0 

1 

895.2 

1 

895.3 

895.5 

1 

895.7 

895.8 

2 

895.9 

1 

896.0 

1 

896.1 

1 

896.2 

2 

896.3 

3 

896.4 

2 

896.5 

2 

896.6 

3 

896.7 

2 

896.8 

1 

896.9 

1 

897.0 

1 

897.1 

897.2 

897.5 

1 

898.0 

1 

898.1 

2 

898.6 

1 

898.7 

1 

899.2 

1 

899.4 

1 

899.6 

2 

899.8 

3 

41 


Dips. 


I 
1 
3 
1 
3 
1 
3 
2 
2 

1 

1 


2d  Bar. 

Fineness. 

Drills. 

905.6 

1 

906.1 

2 

906.2 

2 

906.6 

906.8 

1 

906.9 

1 

907.0 

1 

907.1 

1 

907.2 

907.3 

907.4 

907.5 

1 

907.6 

907.7 

2 

907.8 

1 

907.9 

2 

908.0 

2 

908.1 

1 

908.3 

1 

908.4 

2 

908.5 

2 

908.7 

1 

908.9 

1 

909.0 

1 

909.4 

1 

909.5 

3 

909.6 

2 

909.7 

1 

909.8 

1 

909.9 

1 

910.3 

2 

910.4 

1 

910.5 

1 

910.7 

1 

910.8 

1 

911.0 

1 

911.4 

1 

911.8 

1 

911.9 

1 

912.0 

1 

46 


Dips. 


26 


Undoubtedly  much  of  the  trouble  with  these  cyanide-bars 
would  be  avoided  by  a  better  cleaning  of  the  zinc-box  precipi- 
tate. It  is,  however,  easy  enough  to  refine  the  impure  bullion 
by  strongly-oxidizing  fusion  in  the  crucible ;  but  this  is  expen- 
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sive  in  labor  and  reagents,  and  there  is  some  loss  of  gold.     I 
have  previously  published  *  an  illustration  of  this. 

A  cyanide-bar  weighing  643.80  oz.  was  melted,  with  a  loss  of 
6.07  oz.,  and  10  assays  on  various  kinds  of  samples  were  made, 
with  the  following  results  : 

1  assay  showed  844.6  fine  in  gold. 
1  assay  showed  846.3  fine  in  gold. 

1  assay  showed  846.6  fine  in  gold. 

2  assays  showed  847.0  fine  in  gold. 

1  assay  showed  847.2  fine  in  gold. 

2  assays  showed  847. 6  fine  in  gold. 
1  assay  showed  847.8  fine  in  gold. 
1  assay  showed  848.0  fine  in  gold. 

10 

The  bar  was  melted  seven  times,  when  it  weighed  502.01 
ounces,  showing  a  total  loss  of  141.29  and  an  estimated  loss  of 
3.75  oz.  of  gold.  Eight  assays  were  made  on  various  samples 
of  the  final  metal,  with  the  following  results : 


1  assay  showed  933.2  fine  in  gold. 

2  assays  showed  933.3  fine  in  gold. 
2  assays  showed  933.4  fine  in  gold. 

1  assay  showed  933.5  fine  in  gold. 

2  assays  showed  933.7  fine  in  gold. 


8 
The  final  bar  was  21  fine  in  silver. 

A  great  deal  of  old  scrap  material  of  the  most  heterogene- 
ous character  is  purchased  at  some  of  our  offices,  and  many  of 
these  deposits  are  small.  On  these  small  bars  the  question  of 
sampling  and  assaying  is  not  so  important;  but  before  the 
purchasing  offices  ship  these  small  deposits  to  a  mint  they  are 
united  into  mass-melts,  when  difficulties  may  appear  in  the 
sampling,  and  become  important.  Nine  small  bars  were 
united  to  make  a  mass-melt  of  338  oz.  Dip-  and  drill-samples 
were  taken  at  the  purchasing  office,  and  the  bar  was  drilled, 
top  and  bottom,  at  the  receiving  mint.  These  samples  were 
assayed  in  various  service  laboratories,  and  Table  XXI.  sum- 
marizes the  results  reported. 

^  Tran8,y  zl.,  789  (1909).     Annual  Bq>ort  of  the  Diredor  of  the  Mint  for  the  Tear 
1908-09,  p,  31. 
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Table  XXI. — Sampling  Mass-MelL 


Fineneas. 

Dip. 

500.7 

500.8 

601.1 

601.7 

501.8 

601.9 

1 

602.0 

502.1 

502.4 

4 

602,5 

602.6 

602.8 

1 

502.9 

1 

603.0 

1 

603.1 

603.2 

603.4 

603.6 

1 

603.6 

603.7 

1 

603.8 

603.9 

2 

604.0 

604.2 

604.7 

1 

Totals 

1.^ 

Silver 

Drill. 


14 
226 


Drill. 

1 
1 
1 
1 
2 


1 
2 

"21 


What  is  probably  the  very  worst  case  of  disagreeing  samples 
and  assays  ever  investigated  by  the  Mint  Bureau  was  a  bar 
weighing  774.39  oz.,  carrying  nearly  400  base,  largely  copper, 
which  was  shipped  to  a  mint  as  being  568  fine  in  gold.  Three 
sets  of  drills,  top  and  bottom,  were  taken,  and,  these  proving 
very  unsatisfactory,  the  bar  was  remelted,  with  a  loss  of  4.6  oz. 
Two  dip-samples  were  taken,  and  the  bar  was  again  drilled,^ 
top  and  bottom.  These  ten  samples  were  assayed  in  four 
laboratories  in  the  service  and  113  assays  were  made.  Table 
XXU.  summarizes  these  assays. 
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Table  XXIL — Sampling  Bar  400  Base^  Largely  Copper, 


Fineness. 
564.7 
565.8 
565.6 
566.2 
566.4 
667.0 
667.1 
667.4 
667.5 
667.6 
667.8 
568.0 
668.3 
668.4 
^68.6 
568.6 
668.7 
668.8 
669.0 
669.2 
669.4 
669.5 
669.6 
669.7 
669.8 
569.9 
570.0 
570.1 
670.2 
570.3 
670.4 
570.5 
570.6 
570.7 
670.8 
670.9 
571.0 
571.3 


l8t  Drill. 
T.       B. 


Original  Bar 
2d  Drill. 


B. 


2 

,    ....,, 

1 

1    . 

......    ...... 

1 

2    . 

2 

1 



1 

1    . 

Totals...    12      12        11      12 


3d  Drill. 
T.        B. 


Fineness. 
...       1      671.2 
...       1      571.3 

1     571.7 

2     571.8 


671.9 
672.0 
672.6 
672.8 
573.0 
673.2 
573.5 
673.6 
673.7 
673.8 
673.9 
574.0 
574.1 
574.2 
674.3 
574.4 
574.6 
574.8 
576.0 
575.5 
575.7 
576.0 


Remelt. 
Drill. 
T.         B.       A. 


Dip. 


1 
2 
1 
1 
1 
1 


2 

1 
1 


1 

2 

1 

2 

1 

1 

1 

1 

1 

... 

1 

1 

1 

1 

1 

2 

12       12      14 


14 


The  presence  of  so  much  copper  in  this  metal  undoubtedly 
affected  the  actual  assaying  as  well  as  the  sampling  of  the  bar. 

In  describing  the  taking  of  dip-samples  I  have  spoken  of  the 
molten  metal  being  "well  mixed.*'  This  condition  is  abso- 
lutely essential  to  proper  sampling.  It  is  quite  possible  that 
in  some  of  the  cases  already  mentioned  the  molten  metal  had 
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not  been  thoroughly  mixed  when  the  samples  were  taken.  In 
the  following  case  the  molten  metal  certainly  was  not  well 
mixed. 

Two  dip-samples  were  assayed  in  duplicate  by  me,  show- 
ing a  decided  difference  between  the  two  samples.  On  a 
re-assay  in  duplicate,  the  same  difference  appeared.  Each 
sample  was  also  assayed  once  in  two  other  laboratories.  Table 
XX  in.  summarizes  the  results : 

Tablb  XXin. — Differing  Dip-Samples. 

1st  Sample.  2d  Sample. 

Bureau 615.6  612.8 

616.0  612.8 

Re-aasay 615.5  611.5 

616.3  611. 1 

2d  laboratory 615.3  612.2 

3d  laboratory 615.5  611.9 

Many  melters,  samplers,  and  assayers  have  an  idea  that  un- 
satisfactory chip-  and  drill-samples  can  be  corrected  by  simply 
melting  the  bar  and  taking  fresh  samples.  There  are,  of 
<50ur8e,  cases  where  there  was  carelessness  in  the  original 
melting  and  sampling,  which  can  be  cured  by  careful  remelting 
and  resampling,  but  in  a  vast  majority  of  cases  simple  melting 
does  little  or  no  goorl.  If  there  is  a  real  difterence  of  impor- 
tance between  two  chips  or  two  drillings  or  between  chips  and 
drillings  of  the  same  bar,  it  is  due  to  the  fact  that  the  metal 
segregates  on  solidifying.  This  is  a  function  of  the  chemical 
composition  of  the  metal ;  and,  under  practical  conditions,  a 
remelting  which  does  not  materially  change  the  composition 
can  accomplish  very  little  in  reducing  the  segregation.  If  the 
chemical  composition  of  the  metal  is  such  that  it  interferes 
with  the  actual  assay-work,  manifestly  a  remelting  which  does 
not  change  the  composition  of  the  bar  will  accomplish  no  good. 

It  therefore  follows  that  when  the  assay-reports  on  an  ordi- 
nary bar  of  miscellaneous  bullion  differ  so  widely  as  to  be 
unsatisfactory,  it  should  be  melted  and  refined  by  strong  oxida- 
tion. This  will,  of  course,  reduce  the  weight  of  the  bar,  but 
the  loss  in  weight  is  nearly  all  base  metal  in  most  cases.  The 
actual  loss  of  gold  will  generally  be  small,  except  where  a  large 
amount,  50  oz.  or  more,  of  base  must  be  removed,  as  in  the 
case  of  many  cyanide-bars,  when  the  loss  may  become  con- 
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siderable.  In  the  case  already  cited,  the  removal  of  141.29  oz. 
from  a  bar  weighing  originally  643.30  oz.  caused  a  loss  of 
about  3.75  oz.  of  gold. 

A  bar  carrying  about  35  silver  and  weighing  494.26  oz. 
yielded  varying  assays  on  the  gold,  and  was  remelted  with  a 
loss  of  0.63  oz.  Again  the  assays  were  unsatisfactory,  and  it 
was  remelted  with  a  further  loss  of  1.09  oz.  but  without  im- 
provement in  the  assays.  It  was  finally  melted  with  a  further 
loss  of  5.20  oz.  and  still  gave  unsatisfactory  assays.  Two  dip- 
samples  were  takeA  at  each  melting,  and  the  eight  samples 
were  assayed  in  various  service  laboratories.  Table  XXIV. 
summarizes  the  results  reported. 


XAJiliJfi    -A- 

IstMelt. 
Fineness.    Assays. 

2d  Melt. 
Fineness.    Assays. 

ijtits  on  x'our  i 

8d  Melt. 
Fineness.    Assays. 

4th  Melt.                           j 
Fineness.     Assays. 

806.0 

1 

809.9 

1 

812.8 

1 

818.3 

1 

806.1 

1 

810.1 

2 

813.0 

1 

818.4 

1 

806.3 

2 

810.6 

3 

813.2 

2 

818.8 

1 

806.4 

2 

810.7 

1 

813.3 

1 

819.1 

1 

806.6 

1 

810.8 

2 

813.6 

2 

819.2 

1 

806.7 

1 

810.9 

1 

813.7 

1 

819.3 

1 

806.8 

2 

811.0 

2 

813.8 

1 

819.6 

1 

806.9 

3 

811.1 

1 

813.9 

1 

819.9 

1 

807.0 

2 

811.3 

1 

814.2 

1 

820.2 

2 

807.1 

1 

811.6 

2 

814.6 

2 

820.5 

3 

807.2 

3 

811.8 

2 

814.8 

2 

820.6 

1 

807.4 

2 

812.2 

1 

814.9 

1 

820.8 

1 

807.6 

2 

812.3 

1 

816.0 

8 

821.0 

1 

807.6 

3 

815.3 

1 

821.3 

1 

807.7 

2 

821.4 

2 

807.8 

3 

807.9 

1 

808.0 

1 

808.1 

2 

808.2 

3 

808.3 

1 

808.6 

2 

Totals 

..    41 

20 

20 

19 

Another  bar  carrying  about  85  silver  and  weighing  666.91 
oz.  was  drilled  at  the  ends  and  in  the  center,  and  the  drill* 
yielded  the  following  results : 


Fineness. 
664.1 

End  Drills. 

Assays. 

1 

Center  Drills. 
Fineness.               Assays. 

696.4                        1 

664.5 

1 

697.4 

1 

665.5 

2 
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This  bar  was  remelted  and  two  dip-samples  were  taken, 
while  the  cold  bar  was  again  drilled  at  the  ends  and  in  the 
center.  After  melting,  however,  even  with  the  loss  of  33.29 
oz.,  the  metal  remained  unsatisfactory,  as  shown  by  the  follow- 
ing assays : 


Dlpe. 
Fineness.   Assa: 

Dri 
Ends. 
^8.                Fineness.    Assays. 

lis. 

Center. 
Fineness.          Assays 

705.5              ] 

[                    699.5 

2 

706.7               1 

706.6              ] 

L                   699.9 

1 

707.9               1 

706.8             1 

L                   701.3 

1 

708.9               1 

707.8              3 

L                   701.6 

1 

725.0              1 

707.9              ] 

I                   701.8 

1 

726.3              1 

708.3             ] 

727.0              1 

708.6              ] 

708.7 

From  these  gold-assays  the  silver  cannot  be  given  with  any 
exactness,  but  it  was  probably  about  40. 

Conclusions. 

The  foregoing  data  are  summarized  in  the  following  con- 
clusions : 

In  sampling  deposits  of  miscellaneous  gold-bullion  weighing 
more  than  300  oz. : 

There  are  various  cases  where  either  a  chip-  or  a  drill-sample 
may  be  satisfactory. 

There  are  various  cases  where  a  drill-sample  is  better  than  a 
chip-sample. 

Where  the  assayer  is  acquainted  with  the  metal,  he  may 
accept  a  chip-  or  a  drill-sample. 

On  an  unknown  bullion  it  is  unsafe  to  accept  any  sample 
except  a  properly  prepared  dip-sample. 

In  many  cases,  particularly  of  cyanide-bullion,  the  composi- 
tion of  the  metal  interferes  with  the  actual  assaying  and 
the  bullion  must  be  refined  before  one  can  expect  to 
determine  the  gold  accurately. 
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Centrifugal  Machines  for  Ore-Grading  and  Ore-Concen- 
trating. 

BT  GODFREY  T.   VIVIAN,  CAMBORNE,  CORNWALL,  ENGLAND. 
(CleTeland  MeeOng,  October,  1912). 

Very  often  important  discoveries  are  made  in  one  industry 
that  may  be  used  to  advantage  in  another,  but,  owing  to  the 
rarity  that  men  step  out  of  one  industry  into  another,  these 
discoveries  remain  unknown  outside  of  the  trade  or  profes- 
sion in  which  they  are  made.  The  present  paper  is  written 
solely  with  the  object  of  bringing  to  the  notice  of  mining  and 
metallurgical  engineers  a  centrifugal  ore-concentrator  which 
eventually  may  have  a  great  application. 

Ore-Orading. 

Fig.  1  represents  the  action  which  takes  place  when  solids  of 
different  dimensions  are  stirred  up  in  a  box  and  allowed  to  settle 
as  minerals  of  the  same  size  but  of  different  specific  gravity. 
This  principle  is  applied  practically  in  grading  china-clay  and 
in  enriching  tin-slimes.  In  the  latter  case  the  slimes  are  stirred 
around  in  a  sieve  with  water  and  allowed  to  settle  while  at  the 
same  time  the  side  of  the  sieve  is  struck  with  a  hammer.  The 
colloidal  slimes  are  then  poured  off  and  various  slices  taken  off 
horizontally.  The  great  drawback  of  this  process  is  that  the 
particles  are  deposited  horizontally  and  all  the  colloids  are  lost. 

Pig.  2  represents  the  action  in  which  the  particles  are  de- 
posited side  by  side.  Here  the  drawback  is  the  great  length  of 
the  box  needed  in  order  to  prevent  excessive  loss.  The  alter- 
native to  lengthening  the  box  is  to  increase  the  force  of  gravity. 
Centrifugal  force  may  be  regarded  practically  as  the  force  of 
gravity  augmented. 

Pig.  3  illustrates  the  Gee  centrifugal  machine  for  grading 
ores.  The  drum,  A,  fitted  with  a  box,  B,  is  mounted  on  a  shaft 
or  spindle,  C,  the  whole  being  suspended  from  a  ball-bearing 
of  special  design  at  jD,  supported  between  girders,  E.     Rota- 
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tion  is  imparted  by  the  pulley,  F ;  a  band-brake  is  fitted  at  G. 
The  upper  end  of  the  drum  is  closed  by  a  cap,  Hy  which  makes 
a  water-tight  joint  with  the  drum  at  /,  when  clamped  by  the 
lock-ring,  7.  (This  forms  a  bayonet  joint.)  The  cap,  -H,  has  a 
hole  in  the  middle  and  is  held  central  on  the  spindle  by  means 
of  the  casting,  K^  which  is  a  sliding-fit  on  the  spindle,  and  is  con- 
nected with  the  cap  by  the  upper  ends  of  six  rods,  L.  At  the 
bottom  of  the  drum,  C7,  is  fitted  a  weir-plate  or  diaphragm.  De- 
pending from  the  cap  into  the  drum  is  a  cage,  seen  best  in  the 


7mA^_ 


>/   /^'S 


FiQ.  1. — Settlemknt  of  Particles  of  Same  Size  but  Different 
Specific  Gravity  in  Horizontal  Layers. 


^ 


w^ms^rnmmmmMM 


He 400  ft, 

Fig.  2. — Settlement  of  Particles  Side  by  Side. 

section,  consisting  of  six  vertical  square  rods,  LL^  to  which  are 
attached  the  radial  blades  or  vanes,  N.  These  blades  extend 
the  whole  length  of  the  dram,  being  connected  to  the  cap  at  the 
top  and  to  a  circular  plate,  0,  at  their  lower  ends. 

Pig.  4  shows  the  container  clearly.  This  container  slides 
easily  on  the  drum,  which  it  divides  into  six  longitudinal  com- 
partments, each  of  which  is  provided  with  a  curved  plate. 
The  container  is  in  eftect  a  movable  lining  to  the  drum,  on 
which  the  recovered  solids  are  received. 
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Fig.  3. — The  Gee  Cj-ntbifuoal  Ore-Geading  Machine. 


Fig.  4.— The  Container,  or  Drum-Lining. 
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Fig.  5.— View  Showing  Removal  of  Slats  from  thi   Container^ 


Fig.  6.— View  Showing  Contaiker  in  Raised  PosiTioy;^ 
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Fig.  7. — Cake  Divided  for  Grading. 


A- 


-E 


Fig.  8. — The  Gee  Concentrating-Machine. 
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Fig.  6  shows  the  manner  in  which  the  slats  are  removed. 

Fig.  6  shows  the  container  in  a  raised  position,  either  before 
or  after  removal  of  cake. 

Fig.  7  shows  the  cake  divided  by  imaginary  lines  for  grading. 

Apart  from  grading  chinarclays,  pigment-material,  graphite, 
etc.,  the  question  which  every  mining  and  metallurgical  engi- 
neer will  ask  is,  How  will  the  machine  behave  with  gold-slimes  ? 
The  cake  is  evidently  drier  than  the  pulp  falling  from  a  vacuum- 
filter.  So  far  as  I  am  aware,  the  experiment  has  never  been 
tried  practically. 

Ore-  Concentrating. 

The  concentrating-machine  is  illustrated  by  Fig.  8. 

A  is  mounted  on  the  base,  B^  and  closed  at  the  top  by  the  cap, 
C.  Ball-bearings,  DD,  at  the  top  and  the  bottom  of  the  drum 
are  placed  so  that  the  drum  may  rotate  on,  but  independently 
of,  the  shaft  or  spindle,  E.  As  this  machine  is  run  at  very  much 
lower  speed  th^n  the  grading-machine,  the  bearings  are  placed 
at  both  ends.  The  weir-plate  at  the  bottom,  inside  the  drum 
at  Fj  serves  the  same  purpose  as  in  the  grading-machine,  namely, 
to  provide  an  inner  wall  of  water  of  the  desired  thickness  within 
the  drum.  Attached  to  the  shaft,  Ej  are  a  number  of  vanes  or 
blades,  extending  the  whole  length  of  the  drum,  and  so  arranged 
that  the  distance  they  dip  into  the  wall  of  water  may  be  varied, 
so  that  the  grip  of  these  blades  on  the  water  may  be  adjusted. 

The  principle  of  the  operation  is,  that  the  drum  is  caused  to 
rotate  at  a  given  speed  and  the  wall  of  water  is  caused  by  the 
vanes  to  rotate  within  the  drum  at  a  greater  speed,  but  in  the 
same  direction.  These  speeds  and  their  ratio  to  one  another 
may  be  adjusted  within  very  wide  limits. 

The  result  is  that  the  particles  of  greater  specific  gravity,  for 
instance,  tin  oxide  with  a  gravity  of  6.7,  are,  by  reason  of  their 
greater  inertia,  caused  to  deposit  on  the  drum  and  remain  there, 
while  the  particles  of  lesser  gravity — let  us  say  quartz,  2.68  (?) — 
are  discharged.  It  will  be  seen  from  this  that  the  force  of 
gravity  as  generally  operating  in  concentrating-machines  is  prac- 
tically augmented  100  times.  There  are  five  different  factors 
in  adjusting  the  apparatus :  (1)  The  speed  of  the  drum.  (2) 
The  speed  of  the  water.  (3)  The  grip  of  the  vanes  (forced  by 
moving  them  towards  or  away  from  the  drum).     (4)  The  thick- 
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ness  of  the  wall  of  water.  (5)  The  rate  of  flow  through  the 
drum,  which  varies  the  time  during  which  the  material  is  being 
acted  on. 

It  will  be  at  once  inferred  that  this  is  a  machine  to  be  used 
on  very  fine  material.  Laboratory-experiments  have  been  made 
with  tin-slimes,  which  in  practice  are  absolute  slimes — giving 
a  total  extraction  of  from  95  to  97  per  cent.  While  the 
results  of  these  experiments  are  better  than  those  that  can  be 
obtained  in  practice,  these  centrifugal  machines  may  offer  a 
commercial  solution  to  the  present  slimes-problems  and  are 
such  as  warrant  a  further  investigation. 

I  beg  to  thank  William  Gee,  Steinhoff,  Sons  &  Muir,  Ltd., 
of  London,  for  their  courtesy  in  supplying  information. 
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Our  National  Resources  and  Our  Federal  Government. 

BY  R.    W.    RAYMOND,    NEW  YORK,   N.    Y. 

(aeveland  Meeting,  October,  1912.) 

Under  the  names  of  Conservation,  Social  Justice,  the  New 
Nationalism,  and  Progressive  Democracy,  many  earnest  re- 
formers are  calling  for  a  new  system  of  Federal  government  to 
replace  the  one  which  they  ascribe  to  our  fathers,  and  declare 
to  have  been  outgrown.  They  are  proposing  the  lease  by  the 
United  States  of  certain  natural  resources  on  the  public  domain, 
for  the  profit  of  the  U.  S.  Treasury,  instead  of  the  sale  of  such 
resources  to  private  citizens  or  associations  of  citizens.  In  the 
present  paper,  I  shall  try  to  show  that  this  notion  is  neither 
new  nor  good. 

It  is  clear  that  the  United  States  is  owner,  as  well  as  sover- 
eign, of  public  lands  acquired  through  conquest  or  purchase 
from  other  nations,  as  it  was  owner  of  the  public  lands  expressly 
ceded  to  it  by  the  original  thirteen  States.  Its  policy  with 
regard  to  such  lands  involves,  therefore,  two  entirely  distinct 
questions :  What  shall  it  do  as  owner  ?  and,  What  shall  it  do 
as  sovereign  ?  The  latter  question,  it  must  be  confessed,  has 
played  but  a  small  part  in  our  history.  All  the  prerogatives 
of  sovereignty  which  were  not  explicitly  conferred  upon  the 
Federal  government  by  the  original  States  were  retained  by 
them.  The  ownership  or  control  of  precious  or  other  metals 
or  minerals  in  the  earth,  for  instance,  was  thus  reserved  to  the 
several  sovereign  States.  New  York,  South  Carolina,  and 
other  States  have  passed  laws  on  this  subject,  without  regard 
to  Federal  authority.  As  new  States  have  been  successively 
admitted  to  the  Union,  the  tacitly  accepted  theory  has  been, 
that  they  thereby  acquired  all  the  reserved  rights  of  the  orig- 
inal States.  These  newer  States  largely  outnumber  the  first 
thirteen ;  and  it  is  inconceivable  that  they  would  submit  to  any 
deprivation  of  sovereignty  based  on  historical  grounds.  One 
of  them — Texas — came  into  the  Union  by  its  own  voluntary 
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act,  as  an  organized  commonwealth,  already  owning  the  whole 
of  its  territory ;  and  Texas  has  always  had  its  own  land-laws, 
agricultural  and  mineral,  without  regard  or  subordination  to 
those  of  the  United  States.  In  other  words,  the  United  States, 
not  being  the  owner  of  lands  in  Texas,  has  not  asserted,  on  the 
ground  of  sovereignty,  any  right  to  the  ownership  or  control 
of  the  agricultura^l,  mineral,  or  dynamic  (water-power)  resources 
of  that  State.  Since  any  proposition  putting  the  States  of  the 
Union  on  any  other  basis,  and  determining  on  historical  grounds 
the  sovereign  rights  of  each,  would  be  absurd,  we  may  assume 
that  all  the  States  possess  the  same  sovereign  rights  as  Texas, 
and  that  the  Federal  government  can  constitutionally  control 
within  their  borders  only  the  administration  of  its  own  prop- 
erty. 

This  limit  has  been,  in  fact,  carefully  observed  hitherto  in 
Federal  legislation.  The  U.  S.  "  mining-laws  "  are  not,  strictly 
speaking,  mining-laws  at  all.  They  are  simply  statutes  regu- 
lating the  disposal  of  mineral  lands  belonging  to  the  Federal 
government ;  and  they  leave  to  local  authority  the  regulation 
of  the  industry  of  mining  itself  All  put  together,  they  affect 
nothing  but  the  title  derived  by  the  miner,  as  tentfnt  or  pur- 
chaser, from  the  United  States  as  owner. 

With  regard  to  the  mineral  resources  owned  by  it  in  existing 
States,  or  in  Territories  which  are  destined  to  become  States, 
the  policy  of  our  government  hitherto  has  been,  since  1866,  to 
treat  such  natural  resources  as  the  prospective  property  of  the 
citizens  of  the  States  within  which  they  are  located,  subject  to 
the  regulation,  control,  and  taxation  by  those  States ;  and  the 
lands  containing  such  resources  have  been  either  conveyed  out- 
right to  the  States  concerned,  or  sold  to  individuals,  to  be  there- 
after controlled,  as  to  their  development,  by  the  local  govern- 
ments. 

The  first  public  domain  of  the  United  States  was  acquired 
by  cessions  from  some  of  the  original  thirteen  States,  covering 
what  is  now  Tennessee,  Illinois,  Indiana,  Ohio,  Michigan,  Wis- 
-consin,  that  part  of  Alabama  and  Mississippi  lying  north  of  the 
81st  degree  of  North  Latitude,  and  that  part  of  Minnesota  lying 
neast  of  the  Mississippi.  Nearly  all  the  public  land  in  Tennessee 
was  absorbed  by  the  claims  of  North  Carolina,  and  the  remain- 
der was  subsequently  ceded  by  the  United  States  to  Tennessee. 

[2] 
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The  rest  of  the  territory  granted  by  the  States  to  the  Federal 
government  included  our  first  public  domain,  together  with 
lands  already  owned  by  private  persons. 

The  first  Federal  legislation  concerning  the  mineral  resources 
of  the  public  domain  is  found  in  the  famous  ordinance  of  1787, 
concerning  the  Northwest  Territory  (comprising  what  is  now 
Ohio,  Illinois,  Indiana,  Michigan,  and  Wisconsin),  which  pro- 
vided that  one-seventh  of  the  land  should  be  given  to  the  sol- 
diers of  the  Continental  Army,  one-seventh  reserved  to  the 
United  States,  one-thirty-sixth  set  apart  for  the  support  of 
schools,  and  the  rest  allotted  to  the  States  ^^pro  raia^^  and  sold 
at  auction  by  the  State  Commissioners,  who  were  to  give  deeds, 
excepting  and  reserving  to  the  United  States  one-third  of  all 
gold-,  silver-,  lead-,  and  copper-mines.  The  same  reservation 
applied  to  the  bounty-  and  school-lands  also. 

I  do  not  propose  to  trace  here  the  further  course  of  this  legis- 
lation, or  the  history  of  the  Northwest  Territory,  out  of  which 
Ohio  was  carved  in  1800,  Michigan  Territory  in  1805,  and  Illi- 
nois Territory  in  1809,  leaving  (under  the  name  of  the  Indiana 
Territory)  what  became  in  1816  the  State  of  Indiana.  Nor  is 
it  necessary  to  discuss  here  the  Louisiana  purchase  of  1803,  or 
the  question  whether  Idaho,  Washington,  and  Oregon  were 
acquired  by  that  bargain,  or  belong  to  the  United  States  by 
virtue  of  the  discovery  of  the  Columbia  river  by  Capt.  Gray 
(1792),  the  exploration  of  Lewis  and  Clarke  (1805),  the  settle- 
ment of  Astoria  (1811),  or  the  cession  of  "the  Floridas"  by 
Spain  (1819). 

In  1807,  Congress  enacted  that  the  lead-mines  in  the  Indiana 
Territory  (then  comprising  Indiana  and  Illinois)  should  be  "  re- 
served for  the  future  disposal  of  the  United  States ; ''  that  any 
grant  by  the  United  States  of  a  tract  in  which  a  lead-mine  had 
been  previously  discovered  should  be  considered  fraudulent 
and  void,  and  that  the  President  was  authorized  to  lease  for 
not  more  than  five  years  any  lead-mine  which  had  been  or 
might  thereafter  be  discovered  in  the  said  Territory. 

This  act  inaugurated  the  policy  of  leasing  the  public  mineral 
lands.  The  leases  executed  under  it  covered  tracts,  at  first  8 
miles  and  afterwards  1  mile  square,  and  required  the  working 
of  the  mines  with  due  diligence,  and  the  return  to  the  United 
States  of  6  per  cent,  of  the  ore  mined. 

[3] 
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This  policy  was  continued  for  40  years,  uninterrupted  by 
any  further  legislation,  except  the  Act  of  June  26,  1834,  creat- 
ing an  additional  land-district  in  "Wisconsin,  which  authorized 
the  President  to  offer  for  sale  certain  public  lands,  "  any  law 
of  Congress  heretofore  existing  to  the  contrary  notwithstand- 
ing." Many  Acts  between  1807  and  1834  had  dealt  with  the 
pre-emption  and  disposal  of  public  lands;  but  nearly  all,  if  not 
all,  of  them  had  continued  the  reservation  of  1807  as  to  lead- 
mines.  But  this  Act  of  1834,  expressly  nullifying  previous 
reservations,  seemed  to  permit  the  pre-emption  and  acquisition  of 
the  lands  which  it  specified,  whether  they  contained  lead-mines 
or  not.  At  all  events,  this  was  the  plea  of  the  defendant  in  the 
case  of  TJ.  S.  vs.  Gear.^  In  that  case,  decided  in  1845,  the  U.  S. 
Supreme  Court  held  defendant  guilty  of  trespass,  on  the  ground 
that  the  reservation  not  expressly  contained  in  the  Act  of  1834 
was  to  be  regarded  as  a  part  of  it,  because  it  had  been  for  many 
years  the  consistent  policy  of  the  United  States,  and  could  not 
be  set  aside  by  inference  from  the  terms  of  a  law,  the  declared 
purpose  of  which  was  simply  the  creation  of  a  new  land-district. 
In  a  previous  case,^  the  Court  had  said  in  1840 : 

'*  It  had  been  the  policy  of  the  governmeDt|  at  all  times,  in  disposing  of  public 
lands,  to  reserve  the  mines  for  the  use  of  the  United  States." 

The  decision  in  the  Gear  case  was  reaflSlrmed  in  Cotton  vs. 
U.  S.  (11  Howard,  229),  which  applied  the  same  principle  to  the 
cutting  of  timber  upon  public  land,  declaring  that,  as  the  owner 
of  the  land,  the  government  had  the  same  rights  as  an  indi- 
vidual owner  to  protect  its  property. 

The  constitutionality  and  equity  of  these  decisions  cannot  be 
seriously  questioned.  They  rest  upon  the  ownership  by  the 
United  States  of  the  lands  concerned,  and  therefore  upon  the 
common-law  right  of  a  holder  of  the  complete  title — not  upon 
the  prerogatives  of  a  sovereign.  Yet  there  is,  as  Curtis  H. 
Lindley  says,  no  doubt  that  the  reservation  of  part  of  the  pro- 
duct of  certain  kinds  of  mines — ^for  instance,  in  the  Ordinance 
of  1787,  above  cited — ^was  suggested  by  the  similar  provisions  in 
the  Crown  grants,  upon  which  the  titles  of  the  original  States 
were  based.     We  do  not  find,  however,  that  these  regalia^  or 

^  3  Howard,  120. 

*  U.  S.  vs.  Gratiot,  14  Peters,  638. 
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rights  of  the  sovereign,  as  distinguished  from  the  rights  of  the 
land-owner,  were  ever  seriously  enforced.  The  policy  of  the 
government,  so  plainly  adopted  in  1787  and  1807,  was  applied 
to  its  own  lands  only. 

It  is  interesting  to  note  in  passing  that  the  doctrine  of  sover- 
eign rights  over  mines  has  been  at  least  twice  asserted  by  single 
States  against  the  United  States,  and  not  without  some  appear- 
ance of  logical  force.  For,  if  the  United  States,  being  at  once 
d  land-owner  and  a  sovereign,  does  not  possess,  or  has  waived 
or  ceded,  its  claims  in  the  latter  capacity,  then,  in  the  former 
capacity  it  can  be  dealt  with  by  the  sovereign  State,  like  any 
other  private  land-owner.  Thus  it  was  held,  in  1853,  by  the 
courts  of  California,^  that  the  State,  by  virtue  of  its  sovereignty, 
enjoyed  all  the  jura  regalia  belonging,  under  the  common-law, 
to  the  King  of  England.  The  doctrine  appears  to  have  been 
that,  whoever  owned  the  land  containing  the  mines,  the  Sover- 
eign only  could  control  their  operation.  In  the  case  of  Cali- 
fornia, such  a  sovereignty  could  not  have  come  from  the  King 
of  England  and  must  have  come  through  the  King  of  Spain 
and  his  assign,  the  Republic  of  Mexico,  the  rights  of  which 
had  passed,  through  conquest,  to  the  United  States.  The  only 
ground  of  California's  claim  must  therefore  have  been,  that  by 
its  admission  to  the  Union  it  became  a  sovereign  State,  clothed 
(from  whatever  source)  with  the  rights  enjoyed  by  the  original 
thirteen.  Whatever  merit  this  claim  may  have  had,  it  was  sub- 
sequently abandoned  by  the  California  courts.* 

But  a  similar  doctrine  was  apparently  followed  by  the  Legis- 
lature of  Michigan,  in  its  Act  of  April  28, 1846,  which  declared 
that  property  in  all  mines  of  gold  or  silver,  or  of  other  minerals 
containing  gold  in  any  proportion,  is  vested  in  the  people  of  the 
State  of  Michigan  by  virtue  of  their  right  of  sovereignty.  Since 
the  Federal  land-laws  applied  to  public  lands  in  Michigan  until 
1873,  this  assertion  of  "  sovereignty  "  over  certain  mines,  if  ex- 
tended over  such  lands,  could  be  based  only  on  the  theory 
that  the  sovereign  rights  of  the  original  States  which  ceded  to 
the   United   States   the   territory  out  of  which  the  State  of 


'  Hicks  V8.  Bell,  3  Cal.,  219.  I  take  this  statement  and  reference  from  Curtis  H, 
Lindley's  admirable  and  almost  exhaustive  treatise  on  American  Mining  La\T,  2d 
ed.,  San  Francisco,  vol.  i.,  Sec.  21,  p.  42  (1903). 

*  Moore  tw.  Snow  (1861),  17  Cal.,  199,  217 ;  and  later  cases  cited  by  Lindlej. 
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Michigan  was  subsequently  segregated  were  somehow  held  in 
trust  by  the  United  States,  and  afterwards  tacitly  re-conveyed 
to  the  State  at  the  time  of  its  admission  to  the  Union.  No 
conflict  having  arisen  under  this  claim  between  the  State  and 
the  Federal  authorities,  it  may  be  regarded  as  practically  settled 
that  neither  party  now  asserts  "  sovereign,"  as  distinguished 
from  proprietary,  rights  to  mines. 

The  policy  established  in  1807,  of  reserving  from  sale,  and 
holding  and  leasing,  the  public  mineral  lands  was,  as  I  have  said, 
maintained  for  40  years — ^a  considerable  period,  in  view  of  the 
total  length  of  our  country's  history. 

In  December,  1845,  President  Polk,  in  his  first  annual  mes- 
sage to  Congress,  reported  that  the  results  of  the  leasing  of 
mineral  lands  had  been  in  every  respect  unsatisfactory.  The 
revenue  to  the  government  had  been  less  than  one-fourth  the 
expense  of  administration ;  litigation  and  wasteful  mining  had 
been  promoted,  etc. ;  and  he  recommended  the  abandonment 
of  the  system.  In  1847,  this  recommendation  was  adopted  by 
Congress,  and  the  long  experiment  of  leasing  public  mineral 
lands  came  to  an  end — not  to  be  revived  until,  after  more  than 
60  years,  it  was  proposed  as  a  new  idea  by  a  generation  which 
had  forgotten  the  experience  of  the  fathers. 

The  discovery  of  gold  in  California,  and  the  consequent 
rush  of  many  thousand  adventurers  into  the  unsettled  and  un- 
surveyed  territory  acquired  from  Mexico  by  the  treaty  of  Guada- 
lupe Hidalgo,  put  a  new  face  upon  the  question  of  Federal 
ownership  and  sovereignty.  The  pioneers  who  thronged  to 
the  gold-bearing  gulches  not  covered  by  any  asserted  private 
ownership  were  clearly,  according  to  the  previous  decisions  of 
our  Supreme  Court,  trespassers  upon  the  property  of  the  United 
States ;  and,  in  all  conflicts  of  title  among  them,  the  superior 
title  of  the  United  States  would  theoretically  operate  as  a  bar 
to  such  "  equity  "  remedies  as  writs  of  injunction  or  ejectment. 
But  the  greater  part  of  the  disputes  over  mining-titles  in  those 
regions  involved  just  such  remedies;  and  it  was  diflSlcult  to  see, 
where  both  parties  were  trespassers,  how  one  could  ask  pro- 
tection against  the  other. 

The  courts  solved  this  difficulty  in  a  summary  and  sensible 
way,  by  leaving  out  all  consideration  of  the  superior  title  of  the 
United  States,  and  adjudicating  the  relative  rights  of  possessory 
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claimants  to  public  mineral  land,  with  the  tacit  proviso  that  the 
rights  thus  declared  were  subject  to  any  future  action  on  the  part 
of  the  real  owner.  Under  this  modus  vivendiy  the  treasures  of 
the  Comstock  lode  and  of  many  other  rich  deposits  were 
claimed,  fought  for,  and  won  by  individuals  or  corporations 
which  had  no  original  title  to  them,  but  only,  according  to 
local  regulations,  a  better  claim  than  their  antagonists.  Yet 
these  regulations  were  made  by  communities  of  trespassers, 
without  regard  to  the  superior  authority  of  the  Federal  landlord. 

This  curious  situation  lasted  until  1866,  when  Congress  passed 
an  Act,  declaring  the  occupancy  and  exploration  of  the  public 
mineral  lands  free  to  all  citizens,  and  confirming  the  rights 
which  had  been  acquired  in  these  lands  under  local  regula- 
tions. In  other  words,  the  United  States  ratified  whatever 
had  been  legally  done  without  its  assent,  and  agreed  that  its 
silence  should  be,  within  certain  limits,  interpreted  as  consent. 
This  Act  was  confessedly  crude  and  imperfect,  and  it  was  found 
to  be  particularly  objectionable,  in  that  it  did  not  provide,  either 
through  possessory  occupation  and  development,  or  through 
purchase  and  patent,  for  the  protection  of  the  occupant  of  a 
piece  of  mineral  land  (whether  as  tenant  or  as  grantee  of  the 
United  States)  against  predatory  explorations  and  exploitations 
of  his  location.  It  was  "  the  lode "  only,  with  its  "  dips, 
spurs,  and  angles,"  which  was  granted  under  this  law.  And, 
since  the  law  recognized  the  conditions  of  title  imposed  by 
"  local  regulations,"  and  the  one  universal  condition  of  such 
regulations  was  priority  of  discovery  and  location,  this  became 
naturally  the  basis  of  possessory  title. 

It  was  not  until  1872  that  "  The  Law  of  the  Apex  "  came. 
This  was  a  crude  attempt  to  remedy  the  defect  of  the  Act  of 
1866,  by  protecting  the  occupants  of  mining-claims  against 
piratical  trespass,  through  the  grant  to  them  of  a  right  to 
the  land,  as  well  as  the  "  extralateral "  right.  Unfortunately, 
these  rights  were  made  dependent  upon  a  new  and-  previously 
unknown  condition — the  "  apex  " — and  subject  to  the  similar 
rights  of  any  neighboring  "  apex." 

It  is  unnecessary  to  dwell  here  on  the  positive  and  nega- 
tive defects  of  this  law.  It  was  a  great  mistake  to  make 
mining-titles  dependent  upon  future  geological  developments. 
The  statute  created  greater  evils  than  those  it  was  designed  to 
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cure.  And,  in  my  judgment,  it  will  never  be  too  late  to  repeal 
it,  and  to  substitute  the  simple  and  logical  system  followed  by 
all  other  nations  and  by  the  majority  of  the  States  of  the 
Union. 

Nevertheless,  the  Acts  of  1866  and  1872,  however  defective 
and  mischievous  they  may  have  been,  possessed  one  feature, 
which  their  faults  did  not  nullify :  namely,  they  invited  the 
exploration  and  occupation  of  the  mineral  public  lands,  and 
thereby  stimulated  a  development  unparalleled  for  rapidity  and 
extent.  This  result  would  have  been  equally  remarkable,  and 
still  more  satisfactory,  if  the  liberal  policy  of  the  United  States 
had  been  so  exercised  as  to  give  safe  and  definite  titles  to  the 
occupants  and  purchasers  of  its  mineral  lands.  The  circum- 
stance that  a  tenant  or  grantee  of  the  government  was  liable  to 
an  interminable  risk  of  losing  title,  by  reason  of  geological  de- 
velopments concerning  the  "  apex  "  of  his  lode,  would  not  seem, 
at  first  glance,  to  be  an  additional  encouragement  to  his  enter- 
prise. Still,  it  must  be  confessed  that,  during  the  period  be- 
tween 1866  and  1872,  and  for  some  years  after  the  latter  date, 
the  "  extralateral  right "  attached  to  a  mining-location  was  so 
attractive  to  prospectors  and  possessory  owners  as  to  counter- 
balance the  two  great  statutory  evils — namely,  during  the  first 
period,  the  total  lack  of  protection  of  the  claim-owner  against 
trespass  upon  his  claim,  and  during  the  second  period,  the  un- 
certainty of  title  caused  by  basing  all  the  locator's  rights  upon 
the  location  and  course  of  the  '*apex"  of  the  located  lode, 
without  regard  to  the  first  discovery  thereof.  The  positive 
grant  of  the  "  extralateral  right "  loomed  large  in  the  eyes  of 
the  prospector  and  his  assignees ;  while  the  precarious  condi- 
tions of  that  grant,  and  the  express  reservation  of  the  corre- 
sponding "  extralateral  right "  of  a  neighbor, — raising  ques- 
tions which  could  only  be  settled  by  litigation,  future  develop- 
ment, expert  evidence,  etc.,  during  which  the  United  States 
would  simply  stand  back,  and  let  its  grantees  fight  out  for 
themselves  the  exact  meaning  of  its  grant, — ^were  not  realized 
at  once  as  real  defects  of  title.  These  defects  in  our  mining- 
law  have  cost  American  citizens  many  million  dollars.  Yet, 
in  spite  of  this  huge,  unnecessary  handicap  (imposed  without 
the  least  benefit  to  the  government),  the  policy  of  transferring 
the  mineral  public  land  to  individual  ownership  upon  terms  so 
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liberal  as  to  amount  practically  to  a  gift,  has  resulted  in  the 
creation  of  a  new  empire,  west  of  the  Rocky  mountains,  with 
a  rapidity  unprecedented  in  human  history.  I  think  no  one 
would  venture  to  dispute  the  proposition,  that,  through  its 
homestead-law,  its  mineral-land  laws,  and  its  grants  in  aid  of 
transcontinental  railroads,  the  United  States  has  built  up  a 
new,  rich,  loyal  Western  realm,  which  could  never  (or  only 
after  much  longer  processes)  have  been  established  in  any 
other  way. 

It  is  now  proposed  to  abandon  the  policy  which  has  produced 
such  results,  and  to  revert  to  the  plan  which  so  conspicuously 
failed  a  century  ago.  The  reasons  for  that  failure  still  exist. 
The  causes  which  produced  confusion,  corruption,  and  waste 
before  are  even  more  likely  to  produce  them  to-day.  It  is  not 
easier  to  administer  the  mineral  deposits  of  Alaska  than  it  was 
to  manage  those  of  Illinois.  It  remains  as  true  as  ever,  that 
the  wealth,  prosperity,  and  loyal  union  of  our  States  is  best 
served  by  placing  their  natural  resources,  as  rapidly  as  possi- 
ble, in  the  hands  of  their  citizens,  subject  to  local  taxation  and 
regulation.  We  have  discovered  no  new  principle  in  democ- 
racy which  nullifies  Spencer's  famous  declaration  that  a  demo- 
cratic is  the  worst  form  of  government  for  doing  those  things 
which  no  government  ought  to  do. 

The  following  propositions  aoncerning  the  proposed  policy 
are  submitted  with  considerable  confidence : 

1.  It  is  never  desirable,  even  though  it  be  sometimes  neces- 
sary, that  private  enterprise  should  be  subject  to  governmental 
interference  or  competition. 

2.  If  any  government  in  this  country  must  thus  interfere,  it 
should  be  the  local  (municipal  or  State),  and  not  the  Federal, 
government.  Among  the  many  arguments  for  this  proposition 
I  may  mention  a  few. 

a.  As  a  matter  of  statesmanship,  the  Federal  government 
cannot  afford  to  put  one  State  (or  Territory  destined  to  become 
a  State)  on  a  different  basis  from  others;  and  since  it  cannot 
legally  administer  the  natural  resources  of  New  York  or  Texas, 
the  attempt  to  do  so  in  Idaho  or  Alaska  would  be  unwise. 
This  point  I  have  already  discussed. 

b.  It  is  a  well-known  teaching  of  experience  that  the  govern- 
ment dealing  with  local  interests  and  industries  should  be,  if 
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poBsible,  a  local  government,  easily  watched  and  reached  by  the 
citizens  afffected.  In  my  discussion  of  Mr.  Bain's  paper  on 
Alaska  Coal-Land  Problems,*  I  have  emphasized  this  point, 
and  will  not  here  repeat  what  I  said  there.  But  I  may  add  that 
a  central  government  attempting  to  perform  such  local  super- 
vision invariably  fails  to  do  that  work  well,  and  incidentally 
falls  short  of  vigilance  and  efficiency  in  the  functions  more 
properly  belonging  to  it.  Take,  for  instance,  the  administra- 
tion by  the  British  Parliament  of  the  internal  afeirs  of  Ireland, 
Scotland,  Wales,  and  England,  as  well  as  India.  The  case  is 
plain :  Parliament  has  too  much  to  do,  and  consequently  dele- 
gates to  committees  and  departments  the  work  for  which  it  is 
nominally  responsible.  Another  instance  may  be  found  in  the 
government  by  Congress  of  the  District  of  Columbia,  which 
receives  perfunctory  attention  at  a  couple  of  sessions  during 
the  whole  term.  The  necessary  result  is  that  the  affairs  of  the 
District  do  not  receive  the  vigilant  attention  and  public  discus- 
sion which  they  would  get  from  a  District  legislature,  not  bur- 
dened with  the  management  of  national,  international,  and 
colonial  questions,  and  the  manufacture  of  party  ammunition 
for  presidential  campaigns.  Moreover,  the  actual  and  neces- 
sary business  of  the  national  government  is  neglected  by  those 
executive  departments  which  are  loaded  with  extra-constitu- 
tional duties.  Administration*  not  seldom  claim  much  credit 
for  the  fearless  exposure  of  long-continued  department  abuses 
which,  in  fact,  they  could  have  prevented  if  they  had  not  been 
so  much  occupied  with  other  people's  business  that  they  neg- 
lected their  own. 

3.  Of  all  the  methods  of  governmental  administration  of  nat- 
ural resources,  that  of  leasing,  as  now  widely  advocated,  is  the 
worst.  I  refer  to  the  system  of  short  leases  (the  term  usually 
mentioned  being  25  years),  coupled  with  the  requirement  of 
continuous  operation.  I  could  ask  no  better  illustration  than 
the  history  of  the  Pennsylvania  anthracite-region.  In  his  paper 
on  Alaska  Coal-Land  Problems,^  Mr.  Bain  gives  a  summary  of 
this  history,  which  candidly  confesses  the  beneficial  effects 
wrought  by  the  large  corporations,  so  often  ignorantly  de- 
nounced.    But  he  omits  to  mention  the  greatest  cause  of  the 

*  Bulletin  No.  68,  August,  1912,  pp.  811  to  842. 
®  Idem, 
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confusion  and  waste  which  those  corporations  reformed,  namely, 
the  system  of  short  leases  prevalent  throughout  the  anthracite- 
region.  No  amount  of  stipulation,  regulation,  and  inspection 
can  make  it  the  interest  of  a  lessee  to  spend  money  on  improve- 
ments for  the  benefit  of  his  successor ;  to  put  up,  at  extra  cost, 
machinery  and  buildings  for  permanent  use,  after  his  term ;  or 
to  sacrifice  immediate  profit  in  favor  of  technical  eflSlciency  and 
economy.  And  no  amount  of  governmental  pressure  can  be 
reasonably  or  practically  applied  which  will  make  a  mine-tenant 
do  as  much  for  conservation,  scientific  improvement,  etc.,  as  he 
would  voluntarily  do  if  he  were  the  owner  of  the  mine. 

This  is  peculiarly  true  of  coal-mines.  I  notice  that  the  advo- 
cates of  a  leasing-system  always  propose  to  bind  the  lessee  to 
operate  continuously;  yet  this  condition  is  fatal  to  economy. 
Mr.  Parker,  who  has  observed  the  evils  of  hot  competition  in 
the  bituminous  coal-mines,  thinks  the  government  should  inter- 
fere by  ordering  those  mines  to  be  shut  down  which  do  not 
pay  !  ^  But  why  do  they  go  on,  if  they  do  not  pay  ?  Doubtless 
because  their  owners  would  rather  sacrifice  some  money  for  a 
while  than  incur  a  greater  loss  by  stopping  short.  All  sorts  of 
reasons  make  a  man  go  on  for  a  while  in  a  losing  business ;  and 
operators  possessing  large  capital  can  often  afford  to  do  so,  for 
the  sake  of  a  more  profitable  future.  But  to  make  the  title  to 
the  property  depend  on  its  continuous  operation  is  to  put  large 
and  small  capital  into  common  ruin,  and  to  ordain  deliberately 
the  waste  of  natural  resources.  If  government  leases  were 
granted  for  very  long  terms,  and  (like  many  private  mine- 
leases)  could  be  held  by  annual  payments  during  periods  when 
the  mine  was  not  worked,  this  objection  would  be  measurably 
met.  But  that  would  be  practically  granting  ownership  of  the 
mines — which  is  what  wisdom  and  experience  recommend,  and 
not  what  our  reformers  want. 

4.  Why  do  we  not  hear  of  the  leasing  of  gold-,  silver-,  and 
copper-mines,  and  of  agricultural  lands?  The  argument  for 
these  applications  of  the  system  would  be  equally  strong.  I 
fear  the  reason  for  its  conspicuous  absence  is,  that  coal-mines 
require  capital,  and  that  capital  is  an  easy  mark  for  destructive 
attack.  But,  as  has  often  been  observed,  capital  does  not  fight, 
except  when  cornered.     As  a  rule,  it  runs  away. 

^  The  Conservation  of  Coal  in  the  United  States,  Trans,  xl.,  601  (1909). 
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This,  I  think,  will  be  the  probable  end  of  the  cycle  into  which 
we  are  entering.  If  we  try  this  new  system,  which  is  not  new, 
we  shall  find,  as  was  found  three  generations  ago,  when  it  was 
new,  that  it  is  not  good;  and  we  may  then  be  content  to  try 
once  more  the  old-fashioned  road  on  which  our  nation  traveled 
to  greatness.  The  men  who  laid  out  that  road  "  did  not  fore- 
see," we  are  often  told,  the  development  of  the  vast  region  of 
the  future  through  which  it  was  to  lead.  But  they  were  skill- 
ful surveyors ;  they  knew  where  the  road  should  be  placed  ;— 
and  historians  tell  us  that  roads  are  the  most  permanent  works 
of  man ! 
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The  Effect  of  Alumina  in  Blast- Furnace  Slags.* 

BY  J.   E.   JOHNSON,  JR.,   ASHLAND,   WIS. 
(aeyeland  Meeting,  October,  1912.) 

The  subject  of  blast-furnace  slag  is  one  which  has  had  much 
consideration,  particularly  from  the  scientific  standpoint,  and 
several  years  ago  technical  literature  contained  many  learned 
discussions  on  the  oxygen-ratio  of  the  acids  and  the  bases,  all 
on  the  assumption  that  acids  and  bases  must  be  present  in  a 
ratio  depending  on  molecular  weight  and  chemical  valency. 
Much  work  has  also  been  done,  sometimes  in  conjunction  with 
the  former,  on  the  total  heat  and  the  temperature  of  initial 
fusion  or  softening  of  various  slags. 

A  wider  knowledge  of  the  blast-furnace  now  enables  us  to 
say  that  for  practical  purposes  this  work  has  been  of  almost 
no  value.  It  is  now  generally  admitted  that  on  the  physical 
side  the  important  point  of  a  given  slag  is  neither  its  total  heat 
of  fusion  nor  its  softening-point,  but  its  free-running  tempera- 
ture, since  this  is  the  critical  temperature  of  the  furnace. 

This  temperature  bears  no  definite  relation  to  the  softening- 
temperature,  as  determined  by  Seger  cones,  for  instance,  be- 
cause some  slags  melt  relatively  like  ice,  with  a  very  short  vis- 
cous-range, while  others  melt  relatively  like  tar,  with  a  very 
long  viscous-range. 

In  one  the  difference  between  the  softening-  and  the  free-run- 
ning temperature  may  be  very  small,  as  little  as  100°  F.,  while 
in  another  this  difference  may  easily  be  200°  or  800°. 

The  importance  of  this  difference  is  so  great  in  practice  as 
to  destroy  completely  the  value  of  exhaustive  investigations, 
even  such  as  those  of  0.  Boudouard,  published  a  few  years  ago.^ 

*  Presented  also  at  the  Joint  Meeting  of  the  Institute  with  Section  Ilia,  Metal- 
lurgy and  Mining,  of  the  Eighth  International  Congress  of  Applied  Chemistry, 
New  York,  September,  1912. 

^  It  may  not*  be  amiss  at  this  point  to  call  attention  to  the  excellent  suggestion 
of  Woolsey  McA..  Johnson,  made  several  years  ago,  for  determining  the  tempera- 
ture at  which  different  slags  have  the  same  practical  fusibility.     This  suggestion 
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When  we  come  to  the  chemical  side  of  the  question  we  may 
as  well  dismiss  the  obscuration  which  comes  from  the  intro- 
duction of  oxygen-ratios  and  other  abstruse  theoretical  consid- 
erations, and  admit  frankly  that  experiment  on  the  furnace 
itself  is  the  only  safe  foundation  for  practice  or  for  a  useful 
theory. 

I  am  moved  to  lay  stress  on  this  point  because  in  years  past 
I  was  greatly  puzzled  and  befogged  by  some  of  the  older  school 
of  furnace-men,  who  emphasized  the  mysterious  nature  and  dif- 
ficulty of  making  slag-calculations,  the  fact  being  that,  ^ven 
the  materials  to  be  used  and  the  slag  to  be  produced,  the  col- 
lege-student who  could  not  be  taught  in  a  day  to  make  the  cal- 
culations, would  have  a  poor  chance  of  ultimate  usefulness. 
The  omission  or  concealment  of  the  fact  that  the  slag  to  be 
produced  was  known  only  by  experinaent  and  experience  with 
the  furnace  itself,  caused  my  mystification,  and  I  therefore 
emphasize  it  here. 

The  object  to  be  sought  may  be  briefly  stated  as  follows : 

Given  the  materials  to  be  used  and  the  kind  of  iron  to  be 
made,  to  ascertain  the  slag  which  will  produce  the  result  with 
the  least  cost  for  coke  and  for  flux,  and  will  permit  the  great- 
est output.     The  three  desiderata  come  in  the  order  given. 

We  may  in  this  discussion  omit  consideration  of  charcoal- 
practice  because  the  slag-question  is  of  minimum  importance 
in  that  field,  and  the  field  itself  is  of  minimum  importance  in 
the  iron  industry.  Also  because  of  my  complete  ignorance  of 
that  practice. 

(This  paper  was  written  three  years  ago,  but  has  remained 
unpublished  until  now.     It  so  happens  that  in  the  interval  I 


waa  briefly  to  make  ezperimente  in  a  small  electrically-heated  farnaoe,  the  bottom 
of  which  was  a  carbon  slab  with  a  small  roimd  hole  through  it  The  temperature 
at  which  different  slags  would  flow  through  this  hole  would  furnish  accurate  in- 
formation as  to  their  relative  practical  fusibility. 

To  determine  the  proper  size  of  the  hole  through  the  carbon  block,  I  offer  the 
further  suggestion  that  the  temperature  of  the  slag  flowing  over  the  cinder-dam 
in  standard  furnace-practice  be  taken  when  the  slag  was  about  of  normal  composi- 
tion. Then  put  some  of  this  slag  in  the  experimental  furnace  and  heat  it  to  the 
temperature  observed.  A  few  trials  would  determine  the  size  of  the  hole  through 
which  it  would  flow  at  this  temperature.  This  size  of  hole  could  then  be  used  in 
future  experiments  wi)h  the  certainty  of  obtaining  results  comparable  with  actual 
practice. 

Investigations  along  these  lines  would  be  of  real  interest  and  value  to  fumaoe-men. 
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have  had  extensive  experience  with  charcoal-iron  slags,  but  it 
is  not  considered  desirable  to  introduce  a  consideration  of  that 
subject  into  this  paper,  because  in  the  absence  of  the  necessity 
for  desulphurization,  the  problems  offered  by  charcoal-slags 
are  totally  different  from  those  of  coke-slags.  In  a  general 
way,  however,  it  may  not  be  amiss  to  state  that  observation  of 
charcoal-slags  has  confirmed  the  position  taken  in  this  paper.) 

Coming  then  to  normal  coke  practice  and  remembering  that 
generally  the  lowest  fuel-consumption  is  obtained  with  the 
lowest  critical  temperature,  the  object  desired  may  be  stated 
more  definitely  as  the  production  of  the  most  fusible  slag  that 
will  give  the  necessary  desulphurization  of  the  iron.  This 
statement  is  perhaps  subject  to  certain  limitations  from  the  fact 
that  there  are  circumstances  in  which  it  is  necessary  to  raise 
the  critical  temperature  in  order  to  enable  the  iron  to  absorb 
a  large  quantity  of  silicon.  The  extent  of  this  limitation  I  am 
not  able  to  state,  but  we  will  return  to  this  subject  later. 

It  is  necessary  to  remember  that  while  the  effect  of  lime  is 
to  increase  the  basicity  of  slag  and  facilitate  the  removal  of 
sulphur,  its  use  is  subject  to  grave  limitations,  for  two  reasons : 

1.  The  lime  being  generally  the  major  ingredient  of  the  slag, 
to  increase  the  percentage  of  the  lime  in  the  slag  involves  a 
more  than  proportional  increase  in  the  slag-volume;  for  in- 
stance, to  increase  the  percentage  from  50  to  55  requires  an 
increase  of  more  than  10  per  cent,  of  the  weight  of  the  slag  in 
the  lime,  or  about  twice  as  much  in  limestone. 

2  (and  much  more  important).  The  addition  of  lime  raises 
the  fusion-point  of  the  slag  very  rapidly. 

The  desulphurizing  effect  of  the  slag  is  proportional,  not  only 
to  its  basicity,  but  also  to  its  fluidity  in  an  almost  equal  degree, 
so  that  while  increased  lime  'per  se  has  a  desulphurizing  influ- 
ence, this  is,  to  an  increasing  extent,  neutralized  and  flnally  re- 
versed completely  by  its  decreased  physical  activity. 

This  is  well  shown  in  basic  practice,  in  which  the  highest  sul- 
phur iron  is  made,  not  with  deficient  lime,  but  with  an  excess 
(due  to  a  change  in  ore  or  the  like)  so  great  that  the  heat  avail- 
able is  unable  to  bring  the  very  refractory  slag  to  the  free-run- 
ning condition. 

In  further  illustration  of  the  point,  there  are  two  distinct 
methods  of  making  this  kind  of  iron.    The  first  consists  in  run- 
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ning  on  a  very  calcareous  slag,  with  which  the  silicon  in  the 
iron  is  kept  down  by  the  basicity  of  the  slag  in  spite  of  the  high 
temperature  necessary  to  keep  the  latter  fluid.  The  second 
consists  in  maintaining  a  slag  of  only  moderate  basicity  and 
much  lower  fusion-temperature  and  keeping  down  the  silicon 
by  carrying  a  heavy  ore-burden,  which,  of  course,  can  easily  be 
done  with  the  lower  critical  temperature. 

Furnaces  running  on  the  first  plan  always  require  more  coke 
for  basic  than  for  foundry-iron,  while  those  running  on  the 
second  plan  use  less  than  for  foundry-iron. 

It  seems  to  me  practically  certain,  therefore,  that  there  is  a 
considerable  range  of  lime-content  in  the  slag  for  given  condi- 
tions, in  which  the  desulphurization  of  the  iron  is  not  appre- 
ciably affected,  while  the  coke-consumption  necessarily  rises 
with  the  increase  in  the  fusion-temperature  consequent  on  the 
higher  lime-ratio,  as  well  as  the  increased  slag-volume. 

In  the  case  of  foundry-iron,  the  increase  of  lime  may  be  posi- 
tively detrimental  because  of  the  reduction  of  silicon  in  the  iron. 
I  have  recently  been  informed  of  several  cases  in  which  the  lime 
had  habitually  been  carried  too  high,  because  this  action  was 
not  understood.  These  cases  of  bad  furnace-operation  show 
the  importance  of  this  subject. 

Effect  of  Magnesia. 

In  all  theoretical  slag-calculations  the  quantity  of  magnesia  is 
multiplied  by  1.4  to  put  it  on  the  same  basis  as  the  lime,  which, 
from  the  point  of  view  of  the  oxygen-ratio  and  molecular 
weights,  is  perfectly  correct.  Practically,  however,  this  does 
not  work  out.  Furnace-men  using  a  limestone  with  a  variable 
content  of  magnesia  have  told  me  that  careful  observation  had 
failed  to  show  any  difference  whatever  on  the  furnace  whether 
the  magnesia  was  high  or  low,  and  I  have  seen  a  furnace  using 
half  calcite  and  half  dolomite,  the  calcite  being  relative  impure 
and  the  dolomite  very  pure,  put  onto  all  dolomite,  which  should 
have  made  the  slag  excessively  basic,  on  the  basis  of  molecular 
weight,  but  which  as  a  matter  of  fact  showed  no  observable 
change. 

The  truth  seems  to  be  that  magnesia  is  less  active  chemically 
than  lime  in  about  the  same  proportion  that  its  molecular  weight 
is  less. 
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An  interesting  proof  of  its  small  chemical  activity  is  supplied 
by  the  manufacture  of  caustic  soda  from  the  carbonate.  Quick- 
lime is  added  to  the  carbonate  solution  and  takes  up  the  carbon 
dioxide  from  the  soda;  for  this  purpose  magnesia  is  found  to 
be  perfectly  inert  and  worthless.  Sir  Lowthian  Bell's  opinion 
that  magnesia  was  so  inert  as  to  be  useless  for  the  removal  of 
sulphur  in  the  blast-furnace  is  well  known,  but  this  opinion  is 
no  more  borne  out  by  practice  than  that  giving  it  a  greater 
value  than  lime,  the  truth  appearing  to  be  that  for  furnace  pur- 
poses, in  all  ordinary  proportions,  one  is  about  as  effective  as 
the  other. 

It  is  very  necessary,  however,  to  recognize  that  the  addition 
of  a  certain  amount  of  magnesia  has  a  marked  effect  in  lower- 
ing the  fusion-temperature  of  the  slag,  and  is  therefore  of  great 
use  where  calcareous  slags  are  required,  particularly  in  the 
manufacture  of  basic  iron. 

For  practical  purposes  lime  and  magnesia  may  be  considered 
as  being  of  equal  value,  and  hereafter  in  this  paper  "  lime  "  will 
be  used  to  mean  the  sum  of  lime  and  magnesia. 

The  Effect  of  Alumina. 

The  foregoing  portion  of  this  paper  contains  nothing  essen- 
tially new  and  is  intended  as  an  introduction  to  the  remaining 
portion,  the  substance  of  which  seems  to  have  been  unknown 
to  most  of  the  furnace-men  with  whom  I  have  discussed  the 
subject. 

The  effect  of  alumina  has  been  the  subject  of  much  discus- 
sion ;  some  regard  it  as  an  acid,  others  as  a  base,  while  a  few 
declare  it  can  be  made  to  act  as  a  base  or  an  acid  almost  at  will. 

It  has  seemed  to  me  that  under  such  circumstances  the  prob- 
ability was  that  its  action  was  neither  acid  or  basic,  but  was 
perfectly  neutral,  simply  a  diluent  affecting  the  viscosity  of  the 
slag  to  some  extent,  but,  with  a  given  ratio  of  lime  to  silica, 
not  affecting  its  chemical  nature  at  all.^ 

^  This  conception  of  a  given  constituent  affecting  the  physical  but  not  the  chem- 
ical pxx>pertie8  of  slag,  in  which  two  kinds  of  properties  are  so  closely  interwoven, 
is  diflBcult  at  first  sight,  but  I  have  illustrated  it  for  myself  as  follows.  If  we  had 
an  ordinaxy  acid,  such  aa  hydrochloric  acid,  in  one  beaker,  and  a  solution  of  caustic 
alkali  in  another,  we  could  mix  the  two  in  any  proportions  and  each  addition  of 
one  or  the  other  would  correspond  to  the  change  in  the  acidity  or  basicity  of  the 
resultant  solution,  but  if  we  added  a  considerable  quantity  of  molassep,  we  should 
alter  its  viscosity  and  its  '^  free-running  temperature,' '  without  affecting  its  chem- 
ical properties  in  any  way.  The  illustration  is  a  homely  one,  but  in  my  opinion 
the  case  is  precisely  parallel  to  that  of  slags.  ^■,^^,^^^  ^y  GoOqIc 
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For  several  years  the  range  of  alumina  in  slag  of  which  I  had 
knowledge  was  so  limited  that  I  could  not  prove  this  conten- 
tion, but  very  recently  a  furnace-man  gave  me  complete  infor- 
mation of  a  remarkable  series  of  experiments  he  had  carried 
out,  in  which  the  alumina  in  the  slag  had  been  as  high  as  39.5 
per  cent,  with  silica  as  low  as  21  per  cent,  on  individual  flushes, 
and  averaging  for  an  entire  day  SiO,,  24.7 ;  AlgOj,  36.0  per  cent. 

The  iron  made  was  good  Bessemer  iron,  about  2  per  cent,  of 
silicon,  with  sulphur  about  0.023  per  cent. 

With  this  let  us  compare  standard  Lake-ore  practice  on 
basic  iron,  running  about  Al^O^,  13.5 ;  SiO^,  33  per  cent. ;  and 
Virginia  practice  on  the  same  iron,  AljOg,  6.5 ;  SiOj,  36  per  cent. 

It  is  unfortunate  that  the  experimental  run  was  on  Bessemer 
instead  of  basic  iron.  The  records  of  other  days  which  show 
basic  iron  made  are  not  so  complete,  but  they  indicate  only  a 
small  difference  in  the  slag ;  that  shown,  of  course,  being  an 
increase  in  lime. 

The  coke-consumption  of  this  slag  was  not  materially  differ- 
ent from  what  it  was  in  standard  practice;  the  slags  were  free- 
flowing,  and  did  not  have  a  noticeably  higher  fusion-tempera- 
ture than  ordinary. 

Here,  then,  we  have  three  cases,  in  all  of  which  the  coke  is 
of  about  the  same  sulphur-content,  the  desulphurization  of  the 
iron  is  the  same,  the  coke-consumption  is  no  more  different 
than  would  be  accounted  for  by  the  different  kinds  of  ore.  The 
only  difference  of  importance  is  the  silicon  in  the  iron,  which 
is  not  sufficient  to  require  a  very  great  change  in  the  slag-com- 
position.    We  will  refer  to  this  condition  later. 

The  amount  of  lime  in  these  slags  can  be  calculated,  but  it 
is  necessary  to  remember  that  there  is  a  small  quantity  of  neu- 
tral material,  CaS,  FeO,  MnO,  etc.,  which  may  be  taken  at  3.5 
per  cent,  in  all  cases  as  a  close  approximation  to  good  practice. 
Following  this  procedure,  the  results  shown  in  the  first  four 
columns  of  Table  I.  are  obtained : 

Table  I. — Composition  of  Slags. 

1.  2.  3.  4.  6.  6.  7. 

Ratio  Ratio       Ratio 

CaO  by   Neutral  CaO      CaO  -H  AlgO»    CaO 

A.rx        o*^       ^*^®''    Substan-   AljOa  +  SiOi         SiOa  SiOf 

AlsOs       SlOt       ence.        ces.  «  *  •        i  a 

Per        Per  Per  Per 

Cent.    Cent.       Cent.       Cent. 

Virginia  practice..    6.5      36.0      54.0        3.6  1.27  1.68        1.60 

Lake-ore  practice..  13.6      33.0      50.0        3.5  1.08  1.92        1.61 

Special  experiment  36  0      24.7      36.8        3.5  0.59  2^        1.44 
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Columns  5  and  6  present  the  ratios  of  lime  to  silica  + 
alumina,  and  lime  +  alumina  to  silica.  These  ratios  change 
from  1.27  to  0.69  in  the  first  case,  and  from  1.68  to  2.90  in  the 
second  case. 

No  one  can  hope  to  show  any  relations  between  these  ratios 
that  can  bear  in  any  intelligible  way  on  the  variation  of  the 
alumina-content. 

Column  7,  however,  shows  the  ratio  of  the  lime  to  the  silica, 
which  is  virtually  a  constant  throughout.  The  result  in  the 
experiment  is  the  lowest,  and  corresponds  to  the  higher  silicon 
in  the  iron. 

If  the  lime  were  increased  in  this  latter  case  about  5  per  cent, 
of  its  own  weight,  this  slag  would  then  have  identically  the 
same  ratio  as  the  others,  and  would  be  just  about  as  much 
"  limier  "  as  would  permit  the  production  of  basic  iron  by  the 
addition  of  a  little  more  burden. 

It  may  be  claimed  in  opposition  that  the  analyses  chosen  as 
representative  of  Virginia  and  Lake-ore  practice  have  been 
taken  with  the  object  of  showing  the  result  desired  rather  than 
representing  the  typical  slags.  For  the  Virginia  practice  this 
certainly  is  not  true,  and  if  there  be  any  error  in  the  slag- 
analysis  for  Lake-ore,  I  do  not  know  how  to  better  it.  Cer- 
tainly no  correction  that  could  be  made  would  fail  to  leave  the 
lime-silica  ratio  infinitely  nearer  a  constant  than  either  of  the 
others. 

It  may  be  well  to  reiterate  here  that  such  a  comparison  is 
only  useful  in  the  case  of  furnaces  on  a  comparable  basis  in 
other  respects,  that  is  to  say,  working  for  the  same  degree  of 
desulphurization  and  the  same  silicon,  and  using  materials  of 
about  the  same  sulphur-content. 

The  question  of  the  slag-volume  also  enters  here,  and  the 
question  whether  a  given  slag-volume  is  as  efficacious  in  the 
removal  of  sulphur  when  the  alumina  is  high  as  when  it  is  low. 
We  know  that  if  the  slag  exceeds  a  certain  content  of  sulphur 
in  ordinary  practice,  the  desulphurization  of  the  iron  will  be 
incomplete,  and  if  the  alumina  be  simply  a  diluent,  the  eflfect- 
iveness  of  the  slag  might  be  diminished  in  proportion  as  the 
percentage  of  the  alumina  rose. 

In  spite  of  this  theoretical  consideration,  the  sulphur  in  the 
slags  in  the  high-alumina  experiments  mentioned  ran  about 
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1.75  per  cent,  with  perfectly  satisfactory  desulphurization, 
while  the  relative  slag- volume  was  little,  if  any,  higher  with 
alumina  approaching  40  per  cent,  than  with  normal  alumina. 

On  foundry-irons  the  ratio  of  lime  to  silica  is,  of  course,  lower 
than  on  basic.  In  Virginia  practice  the  typical  analysis  would 
be  about:  Al^O,,  7;  SiOj,  41;  CaO,  48.5;  neutral  substances, 
3.5  per  cent,  giving  a  lime-silica  ratio  of  1.2,  instead  of  1.5  on 
basic  iron. 

A  recent  opportunity  of  discussing  this  subject  with  many 
furnace-men  in  all  parts  of  the  country  has  shown  that  virtually 
all  slags  for  foundry-iron  have  a  lime-silica  ratio  of  between  1.2 
and  1.4. 

Foundry-iron  practice  is  so  much  less  definite  than  basic 
that  the  same  exactness  of  ratio  is  hardly  to  be  expected,  and 
data  are  not  at  hand  to  determine  a  correct  ratio  definitely. 

There  seems  to  be  a  fairly  well-defined  opinion  among  the 
best  informed  furnace-men  that  alumina  has  the  efiect  of  making 
the  slag  viscous  and  stringy  in  a  certain  range,  beginning 
about  16,  reaching  a  maximum  about  20,  and  disappearing 
between  25  and  30  per  cent. 

The  data  at  hand  do  not  permit  of  a  definite  statement  on 
the  subject,  because  the  lime-silica  ratio  is  not  known  for  a 
sufficient  number  of  cases,  and  if  high  alumina  be  coupled  with 
a  higher  than  normal  lime-silica  ratio,  it  is  not  fair  to  blame 
the  alumina  any  more  than  the  high  lime  for  the  result 

One  case  is  on  record  in  which  the  high  alumina  was  coupled 
with  excessively  bad  results,  but  it  was  also  coupled  with  an 
extremely  high-sulphur  coke,  which  compelled  the  use  of  very 
high  lime,  which  resulted  in  an  infusible  slag.  In  such  a  case 
the  high  alumina  may  do  no  more  than  render  stringy  a  slag 
that  would  be  troublesome  in  any  event. 

A  question  of  this  character  can  only  be  properly  settled  by 
the  use  of  an  accurate  pyrometer  for  determining  the  tempera- 
ture at  which  difierent  slags  become  free-running.  The  per- 
fection of  an  accurate  optical  pyrometer  which  can  easily  be 
used  to  determine  the  temperature  of  the  slag  close  to  the  fur- 
nace would  make  the  investigation  relatively  easy. 

The  utility  of  such  knowledge  lies  in  enabling  us  to  deter- 
mine in  advance  the  slag  which  will  give  satisfactory  results  in 
practice  when  a  change  in  the  materials  used  causes  the  alumina 
to  exceed  the  ordinary  limits. 
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The  decreasing  grade  of  the  ores  available  must  result  in 
the  increasing  use  of  many  ores  higher  in  alumina  than  those 
of  present  practice.  If  the  laws  governing  its  action  are  not 
known,  bad  results  are  bound  to  follow. 

A  furnace-man  recently  told  me  of  a  case  in  which  the  alumina 
had  been  regarded  as  an  acid,  and  the  slag  had  been  calcu- 
lated to  give  the  same  ratio  of  lime  to  silica  +  alumina  as  in 
standard  practice,  with  the  result  that  the  furnace  had  been 
badly  "  bunged  up  "  with  lime. 

Several  furnace-men  with  whom  I  have  talked  had  realized 
that  alumina  could  not  be  properly  regarded  in  this  way,  but 
only  two  have  made  definite  statements  that  they  regarded  it 
as  a  neutral  substance,  and  only  one  had  reached  the  conclu- 
sion that  a  definite  lime-silica  ratio  was  the  object  to  be  at- 
tained. This  was  J.  H.  Frantz,  General  Manager  of  the  Co- 
lumbus Iron  &  Steel  Co.,  whom  I  first  met  when  this  article 
was  almost  complete.  Several  years  ago  he  had  reached  the 
opinion  here  maintained,  and  had  prepared  a  table  giving  a 
lime-silica  ratio  of  1.5  with  percentages  of  alumina  varying 
from  8  to  30  per  cent.  He  also  told  me  that  this  view  had 
been  published  several  years  ago,  but  he  did  not  remember 
the  name  of  the  publication  or  of  the  author. 

The  fact  that  this  publication  as  well  as  the  principle  seems 
to  be  entirely  unknown  to  most  furnace-men,  and  the  increased 
importance  attributed  to  the  free-running  temperature  of  the 
slag  in  recent  years,  are  the  only  excuse  for  the  present  paper, 
in  the  face  of  prior  publication  of  similar  matter. 

In  conclusion,  it  seems  worth  while  to  point  out  that  the 
increased  viscosity  accompanying  high  alumina  may  be  of 
benefit  in  making  foundry-iron.  This  was  a  subject  to  which 
both  Mr.  Frantz  and  I  independently  had  given  some  consid- 
eration for  several  years. 

That  iron  will  not  take  up  much  silicon  except  at  a  relatively 
high  temperature  is  well  known,  and  as  its  melting-tempera- 
ture is  relatively  low,  its  tendency  is  to  run  down  out  of  the 
region  in  which  it  can  absorb  silicon  into  the  crucible. 

The  fusion-temperature  of  slag  is  much  higher  than  that 
of  iron,  and  being  more  viscous,  it  acts  as  a  retardant  on  the 
iron  and  delays  its  descent  so  that  it  can  acquire  the  necessary 
temperature. 
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A  too-fusible  slag  does  not  perform  this  function  properly, 
and  I  have  personally  seen  a  case  in  which  no  reasonable  re- 
duction of  burden  would  raise  the  silicon  to  ordinary  foundry- 
limits,  but  in  which  this  was  easily  done  by  increasing  the 
lime  considerably  beyond  that  necessary  for  desulphurization, 
in  spite  of  the  desiliconizing  influence  of  the  more  basic  slag. 
For  the  same  reason  it  is  more  difficult  to  make  foundry-iron 
when  enough  magnesia  is  present  to  increase  the  fluidity  of 
the  slag. 

Now  if  alumina  increases  the  viscosity  of  the  slag  without 
the  accompanying  desiliconizing  influence  of  the  limier  slags 
of  the  same  free-running  temperature,  then  the  introduction 
of  the  silicon  into  the  iron  should  be  facilitated  by  high  alumina. 

Mr.  Frantz  is  of  the  opinion  that  this  is  true  to  some  extent. 
My  own  experience  does  not  cover  the  point. 
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Fires  in  Metalliferous  Mines. 

BY  GEORGE  J,   YOUNG,*   RENO,   NEV. 
(CleTeland  Meeting,  October,  1912.) 

I.  General. 

The  recurrence  of  mine-fires  in  I^evada  during  the  past  decade 
is  not  only  a  matter  of  interest,  but  also  one  of  considerable  con- 
cern to  engineers  and  mine-managers.  The  more  important 
fires  may  be  enumerated  as  follows : 

Forman  Shaft  fire,  Gold  Hill,  April  21,  1903 ;  shaft-house, 
machinery,  and  shaft  destroyed;  loss  estimated  at  $50,000; 
cause  unknown. 

Union  Shaft  fire,  Virginia  City,  July  14,  1904;  shaft-house, 
machinery,  and  shaft  in  part  destroyed ;  loss  estimated  at  f  100,- 
000 ;  cause  of  fire  stated  as  the  careless  throwing  of  a  match  in 
the  rope-house. 

Sutro  Tunnel  fire,  Virginia  City,  Jan.  27,  1909 ;  700  ft.  of 
tunnel-timbering  destroyed,  and  direct  damage  of  $10,000; 
cause  "  probably  electric  wires." 

Belcher  Shaft  fire,  Gold  Hill,  Aug.  9,  1910;  shaft-house  de- 
stroyed, machinery  ruined,  and  upper  part  of  shaft  damaged; 
damage,  $25,000 ;  no  cause  given. 

Belmont  Mine  fire,  Tonopah,  Feb.  23,  1911;  fire  started  in 
winze;  17  men  killed. 

Giroux  Mine  fire,  Kimberly,  Aug.  23,  1911 ;  fire  originated 
in  shaft-station  from  unknown  cause ;  7  men  killed,  and  $34,- 
521  damage  caused. 

(Note  1. — On  June  11,  1912,  some  time  after  the  present 
paper  was  written,  a  fire  broke  out  in  the  pump-room  on  the 
2475  station  of  the  Ward  shaft,  Virginia  City.  This  fire  was 
caused  by  the  short-circuiting  and  exploding  of  the  starting- 
switch  on  No.  5  pump.  The  oil  in  the  switch  was  scattered 
about  and  set  fire  to  the  timbers  and  lagging  of  the  pump- 
room.     The  pump-man  in  charge  notified  the  surface,  and  the 
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electric  current  was  shut  off.  A  hose  was  then  turned  on  the 
fire,  but  the  dense  smoke  drove  the  attendant  out.  Inspection 
by  the  electrician  and  the  shaft-foreman,  equipped  with  oxygen- 
helmets,  soon  after,  showed  no  flames  or  excessive  heat,  but 
the  continued  expulsion  of  smoke  indicated  that  some  fire  was 
present.  The  pump-chamber  was  then  ordered  flooded.  No 
estimate  of  the  damage  was  published  and  no  fatalities  occurred.) 

It  is  not  the  purpose  of  the  present  paper  to  discuss  the  above 
examples,  but  rather  to  use  certain  features  of  them  to  formulate 
general  plans  which  might  be  of  use  in  fire-prevention  and  fire- 
fighting. 

In  the  above  list  three  fires  are  noteworthy  in  that  they  orig- 
inated in  wooden  shaft-houses  and  communicated  with  work- 
ings underground,  resulting  in  considerable  damage.  The  risk 
taken  by  closing  in  the  mouth  of  a  shaft  with  wooden  buildings 
has  long  been  recognized,  and  most  of  the  Western  mines  have 
eliminated  the  shaft-house.  In  Virginia  City,  on  account  of  the 
severe  winters,  the  shaft-house  has  been  retained,  but,  following 
the  lesson  given  by  these  three  fires,  and  the  passage  of  a  mining- 
regulation  governing  this  feature  of  mine-construction,  active 
steps  have  been  taken  to  remove  the  risk.  In  almost  every  ease 
where  the  shaft  is  used  as  a  working-shaft  wooden  buildings 
about  the  shaft-mouth  have  been  removed. 

Mine-fires  may  be  considered  in  two  groups :  those  which 
occur  in  the  surface-plant  and  those  which  occur  in  the  under- 
ground workings.  Fires  in  mine  surface-plants  do  not,  as  a  rule, 
result  in  loss  of  life,  and  if  proper  fire-fighting  facilities  are  pro- 
vided, the  fire  may  be  extinguished  with  but  moderate  loss.  In 
Nevada  considerable  progress  in  the  use  of  fire-proof  construe^ 
tion  has  taken  place  in  recent  years.  The  following  steel  and 
semi-fire-proof  constructions  may  be  noted :  Qoldfield  Consoli- 
dated mill,  Goldfield;  New  Belmont  mill,  Tonopah ;  Nevada 
Consolidated  concentrating-mill,  McGill ;  Nevada  Reduction 
Works  mill,  Dayton;  Nevada  Hills  mill,  Fairview;  Pittsburgh 
Silver  Peak,  Blair. 

Steel  head-frames:  Montana  Tonopah,  Tonopah;  Tonopah 
of  Nevada,  Tonopah;  Union  shaft,  Virginia  City;  Star  Pointer 
shaft,  Ely;  Merger  mines  shaft,  Goldfield ;' Giroux  mine^ 
Kimberly. 

The  protection  of  the  surface-plant  from  fire  is  recognized  as 
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a  necessity,  and  most  mining  companies,  where  an  extensive 
plant  has  been  installed,  provide  facilities  of  some  sort  for  fire- 
fighting.  In  the  design  of  a  surface-plant  the  question  of  fire- 
risk  should  receive  considerable  attention.  The  segregation  of 
different  parts  of  the  plant,  the  separation  of  each  unit  by  a 
sufiicient  distance  to  prevent  the  spread  of  a  fire  from  one  unit 
to  another,  and,  finally,  the  use  of  materials  which  are  either 
fire-proof  or  of  a  slow-burning  nature,  are  the  main  points  which 
deserve  consideration  at  the  start.  While  it  is  true  that  the  use 
of  expensive  materials  and  equipment  is  not  warranted  in  the 
early  stages  of  a  mine's  development,  it  is  often  the  case  that 
after  a  mine  has  reached  the  producing  stage  the  same  types 
and  materials  of  construction  are  used,  and  a  surface-plant 
grows  until  it  involves  an  amount  of  combustible  material  that 
in  itself  is  a  risk  of  some  magnitude.  The  inevitable  happens, 
a  fire  gets  beyond  control,  and  the  destruction  of  the  plant  fol- 
lows ;  this  occurs  in  spite  of  what  were  deemed  adequate  fire- 
fighting  facilities. 

That  a  more  general  use  of  fire-proof  and  semi-fire-proof 
materials  and  construction  in  Western  mines  is  merited  goes 
without  saying.  That  there  is  progress  in  this  direction  no  one 
familiar  with  the  more  recent  camps  of  the  West  can  deny.  It 
may  not  be  out  of  place  here  to  review  the  different  types  of 
building-construction  used  for  surface-plants.  They  may  be 
enumerated  ; 

1.  Timber  frame  with  board  siding. 

2.  Timber  frame  with  corrugated-iron  siding  and  roof. 

3.  Steel  frame  with  curtain-wall  construction  in  which  brick, 
ferroinclave,  and  cement  plaster  or  reinforced  concrete  is  used. 

4.  Reinforced  concrete. 

6.  Brick  walls,  steel  frame,  and  corrugated-iron  roofing. 

In  Nevada  the  first  two  methods  of  construction  are  common 
in  the  case  of  most  mines  and  prospects.  Of  these,  the  second 
method  is  preferable  on  account  of  reducing  the  amount  of 
combustible  material.  By  whitewashing  the  timber-work  both 
ignition  and  the  spread  of  a  fire  may  be  retarded.  The  third 
method  of  construction  is  in  use  where  large  plants,  more  or 
less  permanent  in  their  nature,  are  erected.  Examples  have 
been  cited  above.  The  fourth  method  is  quite  common  in 
coal-mine  surface-plants  in  Westphalia,  Germany,  but  is  not 
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often  met  with  in  the  Western  States  of  America.  It  merits 
consideration  by  the  mining  engineers  of  the  United  States. 
The  use  of  reinforced  concrete  is  uncommon,  but  some  exam- 
ples are  to  be  recorded  in  Nevada.  The  Midway  mill,  erected 
in  the  early  days  of  Tonopah,  was  constructed  with  steel  frame 
and  corrugated-iron  siding,  and  contained  a  reinforced-concrete 
ore-bin.  In  the  Belmont  mill  and  the  Goldfield  Consolidated 
mill,  reinforced  concrete  has  been  used.  In  Nevada,  brick 
construction,  for  obvious  reasons,  is  not  used  for  mine-plants, 
but  in  the  case  of  electrical  installations  for  power-plant  and 
sub-stations  this  method  of  construction  is  common. 

The  critical  parts  of  a  mine  surface-plant  are:  the  black- 
smith-shop, boiler-  and  power-plant,  change-quarters,  wood- 
shop,  oil-storage,  rope-house,  and  the  structures  about  the  shaft- 
mouth.  With  order,  cleanliness,  and  a  proper  segregation  of 
buildings,  there  is  little  chance  for  a  fire,  and  yet  carelessness  on 
the  part  of  any  individual  may  be  the  cause  of  starting  a  tire, 
and  consequently  protection  must  be  afforded  by  fire-plugs  and 
hose-reels  attached  to  the  water-system.  Usually  the  mine- 
plant  is  compactly  arranged,  and  several  plugs  and  hose-reels 
may  serve  all  purposes.  Small  fire-extinguishers  in  each  build- 
ing are  also  considered  necessary. 

Underground  mine-fires  are  serious,  as  in  almost  every  case 
there  is  danger  that  fatalities  may  result,  and  the  difficulty  and 
danger  of  fighting  such  fires  is  great.  In  heavily-timbered 
mines  where  there  is  little  or  no  water,  the  possibility  of  a  small 
fire  spreading  throughout  a  mine  is  always  present.  Fortu- 
nately, dry  mines  usually  do  not  have  large  areas  of  heavy 
ground,  and  heavily-timbered  mines  are  often  wet  mines. 

The  causes  of  fires  in  metalliferous  mines  are : 

The  presence  of  combustible  materials,  such  as  timber,  oils, 
waste. 

Carelessness  with  candles,  lamps,  and  smoking. 

Blasting ;  remnants  of  smoldering  fuse. 

Overheated  bearings  in  machinery. 

Short-circuiting  and  overheating  of  electric  wires. 

Spontaneous  combustion. 

Rapid  progress  has  been  made  in  the  development  of 
methods  of  mining  "  without  timber,"  and  many  methods  in- 
volving a  small  proportion  of  timber,  as  compared  with  that 
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required  by  the  "  square  set "  system,  are  in  use.  Even  though 
we  may  largely  eliminate  timbered  stopes  or,  by  filling,  practi- 
cally eliminate  the  fire-risk  from  them,  we  still  have  the  tim- 
bered drifts,  stations,  shafts,  pump-stations,  and  winzes.  We 
could  almost  completely  eliminate  the  fire-risk  from  these  by 
the  use  of  steel  and  masonry,  but  this  is  practicable  only  in  a 
few  cases,  and  the  mines  of  the  West  will  undoubtedly  utilize 
timber  for  many  years  to  come.  Underground,  a  relatively 
large  amount  of  combustible  material  must  be  contended  with. 
The  critical  places  are  the  shaft-mouth,  the  shaft,  the  stations, 
the  drifts,  and  the  winzes.  The  critical  condition  is  where  the 
timber  is  dry  and  comparatively  little  wat-er  occurs.  Where 
water  is  encountered  the  fire-risk  is  lessened.  Systematic  elimi- 
nation of  combustible  material  should  be  the  first  thought  of 
the  engineer.  The  proper  protection  from  fire  where  combus- 
tible material  must  be  used  is  the  next  consideration. 

Carelessness  with  candles  may  be  eliminated  by  the  intro- 
duction of  electric  lighting,  and  this  method  of  lighting  is 
common  in  Western  mines  of  any  size.  Where  candles  are 
used,  proper  receptacles  at  stations  and  in  stopes  should  be 
provided  and  their  use  insisted  upon.  The  use  of  these  will 
go  a  long  way  towards  eliminating  this  cause.  The  setting  of 
lighted  candles  upon  timbers  should  be  prohibited,  and  the 
removal  of  all  candles  from  working-places  when  miners  are 
leaving  should  be  required.  Lamps  should  be  sparingly  used, 
and  where  possible  these  should  be  filled  and  trimmed  outside 
of  the  mine.  Oil,  and  particularly  oil  required  in  illumination, 
should  not  be  stored  in  the  mine.  Where  oil-lamps  are  used 
by  the  miners,  some  form  of  solid  illuminant  should  be  used. 
Smoking  can  be  controlled  by  mine-regulations,  and  in  a 
heavily  timbered  mine,  or  in  and  about  a  wooden  surface-plant, 
it  should  be  prohibited.  Where  possible,  the  development  of  a 
stable,  steady-working  crew  of  men  is  an  important  factor  in 
preventing  accidents  of  any  kind.  Good  foremanship  is  essen- 
tial to  this  end. 

Blasting  as  a  cause  of  mine-fires  is,  no  doubt,  of  minor  im- 
portance. I  know  of  no  authentic  case  where  the  flame  of  a 
blast  has  been  responsible  for  setting  timbers  on  fire.  In  the 
case  of  the  Homestake  fire  a  piece  of  smoldering  fuse  has 
been  given  as  the  cause.     However  this  may  be,  it  is  necessary 
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carefully  to  inspect  timbered  stopes  after  blasting.  A  fire  origi- 
nating from  any  cause  during  the  interim  between  blasting  and 
the  arrival  of  the  next  shift  may  thus  be  discovered  before  it 
has  gained  any  considerable  headway. 

Overheated  bearings  of  machinery  are  an  infrequent  cause  of 
fire.  Underground  ventilating-  and  pumping-machinery  are 
the  only  forms  of  machinery  which  would  be  likely  to  cause 
trouble  of  this  nature.  Ring  oil-bearings  on  motors  and  fans 
have,  to  a  considerable  extent,  removed  this  source  of  danger, 
but  frequent  inspection  of  machinery  should  be  made.  Where 
fans  are  in  use  an  inspection  should  be  made  at  least  twice  a 
shift  by  the  shift-boss.  Ring  oil-bearings  should  be  frequently 
examined  and  kept  filled,  and  at  intervals  the  oil  should  be 
completely  removed,  and  the  bearings  thoroughly  cleaned. 
Machinery  oil  should  be  kept  underground  in  quantities  only 
sufficient  for  several  shifts'  use.  Machinery,  where  possible, 
should  be  placed  in  untimbered  chambers  or,  where  support  of 
some  kind  is  necessary,  masonry,  steel,  or  some  fire-proof  ma- 
terial should  be  used.  At  Virginia  City  the  pump-rooms  are 
heaN-ily  timbered  and  in  themselves  contain  sufficient  timber  to 
sustain  a  considerable  fire.  The  practice  is  to  whitewash  these 
timbers,  and  to  keep  such  rooms  thoroughly  clean.  While 
this  reduces  the  fire-risk,  still  the  presence  of  so  much  com- 
bustible material,  and  some  of  it  of  an  oil-soaked  nature,  must 
be  considered  as  a  risk,  and  precautions  should  be  taken  to 
minimize  it.  (See  note  1.)  Such  chambers  can  be  readily 
provided  with  hose-plugs  and  reels.  Where  machinery  of  any 
size  is  in  operation,  the  presence  of  attendants  is  usual,  and  is  an 
additional  safeguard.  Oily  waste  and  waste  of  any  kind  used 
in  and  about  underground  machinery  should  have  metal  con- 
tainers provided. 

Electric  wires  and  apparatus  may  have  been  the  cause  of 
some  fires,  but  where  their  installation  has  been  carefully  looked 
after,  and  they  are  in  the  hands  of  experienced  men,  it  is  sel- 
dom that  a  fire  can  be  directly  traced  to  their  use.  (See  note  1.) 
The  proper  making  of  connections,  the  use  of  fuses,  and  auto- 
matic circuit-breakers  on  all  apparatus  will  prevent  excessive 
loads  coming  upon  lines,  electric  motors,  and  transformers.  At 
Virginia  City  transformers  are  used  at  several  places  under- 
ground.   These  are  placed  in  timbered  stations,  but  this  practice 
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is  open  to  question.  Transformers  should  be  placed  in  cham- 
bers free  from  timbers,  and  only  material  of  a  fire-proof  nature 
should  be  permitted  in  the  vicinity.  In  surface  electrical  work 
transformers  are  placed  in  fire-proof  buildings,  and  out  of  con- 
tact with  wood-work.  Where  transformers  are  in  use  under- 
ground, and  in  the  vicinity  of  combustible  material,  buckets  of 
sand  should  be  placed  where  they  can  be  used  in  extinguishing 
a  fire.^ 

Spontaneous  combustion  is  an  infrequent  occurrence,  for  the 
reason  that  underground  conditions  are  seldom  of  a  nature  that 
would  lead  to  this  cause.  Oily  waste  might,  under  extreme 
conditions,  develop  sufficient  heat  to  ignite  combustible  mar 
terial  in  its  neighborhood,  but  it  is  seldom  that  this  is  present. 
Fires  in  mines  containing  heavily  sulphureted  ores  are  claimed 
by  some  writers  to  be  due  to  the  heat  produced  by  great  pres- 
sure. While  this  cause  is  not  of  great  importance,  a  careful 
mine-manager  will  not  overlook  it. 

II.  Firb-Prbvention. 

The  first  line  of  defense  in  the  prevention  of  fire  is  a  proper 
set  of  mine-regulations  covering  the  use  of  candles,  lamps,  oils, 
and  other  combustibles  used  underground ;  the  second  is  the 
enforcement  of  these  regulations.  Without  discipline  mine- 
regulations  are  of  little  avail.  The  third  line  of  defense  is  the 
practice  of  a  fire-drill  at  frequent  intervals.  This  practice 
should  include  drill  in  the  use  of  fire-fighting  apparatus,  the 
training  of  a  suitable  fire-fighting  squad,  and  the  accustoming 
of  the  men  to  answer  an  emergency  fire-call,  so  that  a  possible 
panic  among  the  men  on  the  alarm  of  fire  may  be  avoided. 
The  drill  should  be  segregated  iato  the  drill  of  the  fire-fighting 
squad  at  least  once  a  month,  and  the  drill  of  the  whole  mine- 
force  in  answering  a  fire-call  at  least  once  in  three  months. 
The  fourth  line  of  defense  is  the  use  of  watchmen,  whose  busi- 
ness it  should  be  to  inspect  the  mine-workings  after  a  shift  has 
departed  or  at  frequent  intervals  when  the  mine  is  shut  down. 
These  men  serve  to  check  up  careless  miners  and  prevent  a 
small  fire  from  spreading. 

Facilities  for  fighting  incipient  fires  should  be  provided,  and 

^  The  Factor  of  Safety  in  Mine  Electrical  Installations,  Technical  Paper  No.  19, 
U.  S,  Bureau  of  Mines  (1912). 

[7] 

Digitized  by  VjOOQ IC 


1140  FIRES   IN   METALUFBROUS   MINES. 

placed  at  readily  accessible  points  in  the  vicinity  of  the  places 
where  there  is  any  considerable  amount  of  combustible  ma- 
terial. These  places  would  be  at  shaft>stations,  the  sill-floors 
of  timbered  stopes,  timbered  winzes,  and  shaft^coUars.  Fire- 
extinguishers  of  a  simple  type  would  be  the  means  provided. 
Water-pipe  line  should  be  laid  to  large  timbered  stopes,  and 
hose-connections  provided.  Hose-reels  should  be  placed  at  the 
critical  points.  The  whole  system  should  be  standardized  so 
that  hose,  couplings,  etc.,  could  be  transferred,  and  used  in  any 
part  of  the  mine.  At  the  surface  a  reserve  supply  of  hose 
should  be  provided.  A  monthly  inspection  of  lire-fighting 
appliances  should  be  provided  for. 

Steel  fire-doors,  or  wooden  doors  protected  by  tin  sheets,  set 
in  concrete  bulkheads,  should  be  provided  in  cross-cuts  and  drifts 
at  such  points  as  would  enable  the  spread  of  a  tire  starting  in  a 
stope  to  be  checked.  These  would  only  be  used  in  the  event 
of  a  considerable  fire.  Such  doors  must  be  constructed  so  as  to 
admit  of  opening  from  either  side.  In  important  tunnels  of  any 
great  length  and  where  timber  is  used  several  fire-doors  might 
well  be  placed  so  as  to  divide  the  length  into  sections.  In  lieu  of 
fire-doors  a  length  of  100  ft.  of  the  tunnel  could  be  supported 
by  masonry  instead  of  timber,  and  this  would  localize  a  fire. 
In  tunnel-fires  fire-doors  cannot  always  be  reached,  and  the  con- 
ditions may  be  such  that  temporary  bulkheads  cannot  be  con- 
structed. In  such  cases  the  masonry  zone  might  prevent  the 
fire  from  spreading  through  the  entire  length  of  the  tunnel.  In 
railroad  tunnel-work,  where,  from  financial  conditions,  timber 
must  be  used  instead  of  masonry,  masonry  zones  might  well  be 
used.  The  recent  fire  in  the  Chilcoot  tunnel  of  the  Western 
Pacific  railroad  is  a  case  in  point.  A  main  working-shaft  in  a 
mine  would  admit  of  fire-localization  in  the  same  way.  In  place 
of  masonry,  steel  tunnel-sets  or  shaft-sets  could  be  used.  While 
perhaps  general  rules  for  the  placing  of  fire-stops  and  doors 
could  be  formulated,  the  conditions  at  each  mine  would  have  to 
be  studied  and  the  locations  of  these  safeguards  determined  in 
such  manner  as  to  best  meet  those  conditions. 

0.  F.  Heizer  has  informed  me  that  at  the  Seven  Troughs  Coar 
lition  mine.  Seven  Troughs,  Nov.,  hinged  wooden  doors,  pro- 
tected by  i^in.  steel  sheets,  are  placed  at  the  second  set  below 
the  collar  of  the  incline  shaft  (75°  incline).     These  doors  are 
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held  by  trickers  controlled  by  a  lever.  Slots  are  cut  so  that 
interference  with  the  hoisting-cable  is  avoided.  Ten  sacks  of 
sand  are  stored  close  by  the  shaft.  In  the  event  of  a  fire  on  the 
surface  the  surface-men  have  instructions  to  throw  the  doors  and 
place  the  sand  over  them.  He  informs  me  that  this  device 
worked  very  well  on  one  occasion  when  a  fire  took  place  in  the 
surface-plant.  He  also  informs  me  that  at  the  Nevada  Hills 
mine,  Fairview,  two  steel  sheets  are  arranged  at  the  mouth  of 
the  shaft  so  that  they  may  be  slid  over  the  opening  of  the  com- 
partment by  throwing  a  lever.  No  special  rollers  are  used,  the 
sheets  simply  sliding  on  angle-irons. 

To  one  familiar  with  conditions  in  Western  mines,  it  is  a  matter 
of  surprise  that  advantage  has  not  been  taken  of  the  automatic 
sprinkler,  which  is  in  use  for  the  protection  of  warehouses, 
factories,  public  buildings,  and  the  like.  I  know  of  no  instances 
where  this  system  is  used  underground,  and  only  in  a  few  in- 
stances, notably  in  Montana,  have  they  been  used  in  metallurgi- 
cal plants.  The  system  as  applied  to  buildings  consists  of  a  net- 
work of  pipe-lines  supplied  by  a  pressure-tank.  The  pipes  are 
so  distributed  as  to  admit  of  a  sprinkler-head  being  placed  in 
the  center  of  each  10-ft.  square.  The  sprinkler-heads  are  placed 
close  to  the  ceiling.  Each  head  is  provided  with  an  opening 
which  is  closed  by  a  non-corrosive  button.  The  button  is  held 
in  place  by  a  two-piece  metal  strip.  The  pieces  of  the  strip  are 
held  in  place  by  a  soft  solder  which  has  a  melting-point  suffi- 
ciently low  to  be  speedily  reached  by  any  fire  in  the  vicinity. 
With  the  melting  of  the  solder  the  pieces  fall  apart,  the  water- 
pressure  forces  the  button  out  and  the  water  spurts  out  against 
a  spreader  which  throws  the  spray  over  a  considerable  area.  A 
melting-point  of  155°  F.  is  used  in  the  well-known  Grinnell 
automatic  sprinkler.  The  complete  installation  of  an  automatic 
sprinkler-system  in  a  mine,  while  not  necessarily  impracticable, 
would  in  most  cases  be  unnecessary.  As  has  been  mentioned, 
the  critical  places  are  the  shafts  and  shaft>stations  where  the 
timbers  are  dry.  Shaft  and  stations  might  well  be  protected  by 
such  a  system.  Timbered  pump-  or  machinery-stations,  on 
account  of  the  value  of  their  contents  and  their  importance  to 
the  mine,  could  also  be  protected  in  this  way. 

The  installation  of  an  automatic  sprinkler  system  in  a  shaft  is 
represented  in  Fig.   1.      Two  main   points   in  the   design   of 
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Fig.  1. — Automatic  Sprinkler  Installatiok  for  a  Mine-Shaft. 
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such  a  system  need  consideration :  one  is  the  question  of  water- 
pressure;  the  other  is  the  use  of  protective  coating  upon  the 
pipe  so  that  scale  and  rust  cannot  form  and  clog  the  sprinkler- 
heads.  In  a  deep  shaft  it  is  doubtful  whether  a  continuous 
pipe-line  could  be  employed  without  the  use  of  extra-heavy 
pipe  and  fittings.  By  placing  pressure-tanks  at  intervals  of 
from  300  to  500  ft,  ordinary  or  "extra-strong"  pipe  and 
fittings  could  be  used.  The  intermediate  tanks  could  be  sup- 
plied from  the  pipe-line  above  by  means  of  valves  operated  by 
float.  The  use  of  galvanized  pipe  and  fittings  would  eliminate 
ordinary  troubles  of  corrosion. 

In  each  compartment  of  the  shaft,  at  intervals,  sprinkler-heads, 
point  downward,  would  be  placed.  In  order  to  be  out  of  the 
way  these  would  be  placed  back  against  the  lagging,  but  this 
position  would  not  prevent  their  effective  operation.  A  three- 
compartment  shaft  would  be  protected  by  making  the  intervals 
between  sets  of  sprinklers  50  feet. 

The  cost  of  such  a  system  is  nominal  compared  to  the  amount 
of  damage  a  shaft-fire  might  cause.  I  have  estimated  the  cost 
of  pipes,  sprinklers,  and  pressure-tanks  (every  300  ft.)  for  a  shaft 
1,000  ft  deep  to  approximate  $500,  or  $0.50  per  foot  In  Fig. 
1  a  2-in.  pipe  is  assumed  aa  sufficient.  In  the  cost  of  the  system 
should  be  included  a  fire-tank  on  the  surface.  Shaftz-stations 
would  be  protected  by  extensions  of  the  pipe-system  along  the 
center-line  of  the  station  and  the  spacing  of  sprinklers  every 
10  feet 

The  advantage  of  such  a  system  is  its  automatic  operation.  A 
fire  arising  in  an  obscure  portion  of  the  shaft  would  be  taken 
care  of  and  extinguished  before  it  could  spread.  The  shaft,  the 
main  exit  of  a  mine,  could  thus  be  always  protected  and  main- 
tained in  a  workable  condition.  The  possibility  of  saving  life 
in  the  case  of  a  fire  would  be  greatly  enhanced  if  shafts  could 
without  question  be  kept  open. 

By  extending  the  sprinkler-system  along  each  drift  for  50  or 
100  ft  a  fire  could  be  prevented  from  spreading  to  the  shaft. 

An  automatic  system  to  be  satisfactory  should  be  inspected 
at  frequent  intervals  and  such  a  system,  carefully  installed,  would 
not  require  an  overall  inspection  more  than  once  in  three  months. 

A  telephone-system  is  an  indispensable  part  of  the  equipment 
of  a  large  mine.     Not  only  is  it  necessary  to  install  telephones 
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at  Btations,  but  important  winzes  and  stopes  also  should  be  pro- 
vided with  this  appliance.  The  prompt  warning  of  the  men 
may  be  the  means  of  preventing  loss  of  life.  This  could  be  done 
by  telephone  or  by  the  use  of  flash-signals  where  incandescent 
lamps  are  used.  In  Virginia  City  an  "  all  out  of  the  mine  "  sig- 
nal is  in  use,  and  the  electric  lamps  by  a  given  number  of  flashes 
convey  this  signal. 

Fire-fighting  helmets  are  now  considered  necessary  at  all 
large  mines,  and  the  training  of  men  in  their  use  should  be  a 
part  of  the  fire-drill.  Oxygen-helmets  also  should  be  provided 
for  possible  use  in  rescue-work  as  well  as  for  the  attack  of 
smoldering  fires  which  would  produce  such  an  amount  of 
smoke  as  to  prevent  near  approach.  So  well  has  the  subject 
of  the  construction  and  use  of  the  oxygen-helmet  been  dis- 
cussed that  further  comment  is  unnecessary  here." 

All  underground  air-lines  should  be  provided  with  connec- 
tions at  stations,  winzes,  and  stopes.  These  connections  should 
be  maintained  in  working-order  at  all  times.  In  the  Belmont 
fire  a  connection  on  the  air-line  at  the  1100  station  would  have 
been  the  means  of  saving  life.  Where  a  water-pipe  line  is  not 
in  use  in  a  working-shaft,  connections  should  be  made  at  the 
surface,  so  that  the  air-line  could  be  used  for  purposes  of  bring- 
ing water  to  a  fire.  It  is  preferable  to  have  two  lines  of  pipe 
in  a  shaft,  one  for  water  and  one  for  compressed  air. 

III.  Fighting  Mine-Firks. 

The  first  essential  in  fighting  a  mine-fire  is  to  get  all  of  the 
men  out  of  the  mine.  When  this  has  been  accomplished,  a 
plan  of  action  can  be  decided  upon  and  carried  out  under  com- 
petent direction.  The  usual  st^ps  may  be  stated  as:  bulk- 
heading,  with  the  object  of  localizing  the  fire ;  laying  of  hose 
and  the  bringing  of  a  water-supply  to  the  scene  of  the  fire. 

The  fire-fighting  squad  necessarily  works  upon  the  incoming- 
air  side  of  a  fire  unless  equipped  with  smoke-  or  oxygen-helmets. 
By  carrying  air-lines  along  with  hose-lines,  fire-fighting  squads 
have  been  enabled  to  approach  close  enough  to  a  fire  from  the 
"lee  side"  to  do  effective  work.  It  requires  courage  and 
daring  on  the  part  of  the  fire-squad  to  perform  work  of  this 

'  The  Use  and  Care  of  Mine-Rescue  Breathing  Apparatus,  Miner^  Circular  No. 
4,  U.  S,  Bureau  of  Mines  (1911). 
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kind,  but  instances  are  not  uncommon  where  stubborn  fights 
of  this  kind  have  been  made. 

Where  it  is  impossible  to  approach  the  fire  close  enough  to 
fight  it  with  water,  two  methods  may  be  used :  one  is  the  bulk- 
heading  of  the  fire  on  both  sides  and  the  closing  of  all  winzes 
leading  from  the  fire-zone ;  the  other  is  to  seal  the  mine  and  fill 
the  workings  with  a  gas  which  will  prevent  combustion.  In 
the  former  method  the  fire  is  left  to  smother  out,  and  this  may 
take  considerable  time.  The  availability  of  the  oxygen-helmet 
renders  it  possible  to  construct  bulkheads  where  it  would  have 
been  practically  impossible  without  the  use  of  this  appliance. 
In  fighting  a  fire  by  the  second  method,  steam,  sulphur  dioxide, 
and  carbon  dioxide  have  been  proposed  as  gases  suitable  for 
the  purpose.  Steam  is  the  agent  most  used.  If  a  supply  of 
sulphur  could  be  speedily  obtained,  it  might  be  possible  to  use 
this  reagent  in  temporary  burners  arranged  so  as  to  discharge 
the  gases  into  the  intake  air-ways.  Snelling*  has  given  details 
of  the  method.  Carbon  dioxide  is  difficult  to  generate  in  suffi- 
cient quantity,  and  its  use  is  almost  out  of  the  question  save  as  it 
is  generated  by  the  fire  itself.  Where  it  is  impossible  to  bulk- 
head a  fire,  and  steam  or  other  agent  is  out  of  the  question,  the 
flooding  of  the  mine  is  the  next  expedient.  If  it  is  impracti- 
cable to  flood  the  mine,  the  turning  of  water  down  the  shafts 
after  sealing  all  openings  to  the  mine  is  then  in  order. 

The  great  danger  in  all  mine-fires  is  the  rapid  filling  up  of 
the  workings  with  smoke  and  poisonous  gases  (00).  To  one 
who  is  familiar  with  fires  this  is  the  most  striking  thing.  The 
comparatively  restricted  workings  of  a  mine  fill  up  in  a  very 
short  time  on  account  of  the  air-currents,  which,  while  normally 
moving  sluggishly,  under  the  increased  temperature  rapidly 
acquire  velocity.  The  presence  of  fire-doors  at  intervals  may 
be  the  means  of  preventing  workings  from  being  completely 
flooded  with  irrespirable  gases.  If  it  were  possible  to  stop  all 
air-currents  in  a  mine  by  doors  suitably  placed,  the  fire  and  the 
gas  could  be  prevented  from  spreading  outside  of  a  restricted 
zone. 

As  in  the  case  of  surface-fires,  '< being  prepared"  is  the  key 
to  the  situation.  Mine-superintendents  should  carefully  con- 
sider the  possibilities  of  a  fire,  and  make  every  preparation  be- 

'  Trans.,  xxxix.,  550  (1908). 
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forehand,  even  to  lajdng  out  a  method  of  procedure  for  fires 
occurring  in  difierent  parts  of  the  mine.  The  drafting  of  a 
plan  of  action,  the  provision  of  apparatus  and  means  for  carry- 
ing out  this  plan,  as  well  as  the  drilling  and  training  of  the 
men  who  are  to  carry  the  plan  into  execution,  will  go  a  long 
way  towards  preventing  confusion,  delay,  and  loss  of  control  at 
the  fire-signal.  The  provision  for  marking  the  passages  lead- 
ing to  shafts  and  exits  should  be  carried  out  in  all  large  mines. 
A  careful  study  of  the  ventilating-currents  in  a  mine  and  a  con- 
sideration of  the  effect  of  a  fire  in  changing  their  direction 
also  form  necessary  parts  of  any  fire-fighting  plan.  Ventilating- 
plans  of  the  mine  under  varying  conditions  should  be  prepared, 
and  their  study  made  a  part  of  the  drill  by  the  fire-fighting 
squad.  The  effect  of  turning  a  stream  of  water  down  a  shaft 
upon  the  air-currents  deserves  mention.  In  most  cases  a  stream 
of  water  turned  down  an  upcast  shaft  has  the  effect  of  reversing 
the  air-current.  In  the  Qiroux  fire  the  upcast  shaft  which  was 
on  fire  was  provided  with  a  water-pipe,  pierced  with  holes, 
close  to  the  collar  of  the  shaft.  An  attendant  at  the  surface 
(without  authorization)  turned  the  water  into  this  pipe,  and  thus 
reversed  the  direction  of  the  air,  causing  the  shaft  to  act  as  a 
down-cast.  The  Alpha  shaft,  w^hich  was  the  down-cast,  became 
an  upcast,  and  the  miners  escaping  by  tliis  shaft  were  killed  by 
the  gases. 

IV.  Legal  Regulations. 

An  examination  of  the  mining-laws  of  the  Western  States 
indicates  no  general  tendency  to  comprehensively  cover  the 
subject  of  mine-fires.  As  an  example,  the  regulations  provided 
by  the  State  Mine  Inspector  Law  of  Nevada  may  be  cited. 
These  regulations  are  grouped  as  follows : 

Regulations  Relating  to  Egress  from  Mines. 

''Section  19. — All  shafts  shall  be  equipped  with  ladden,  and  shafts  more  than 
200  feet  in  depth,  inclined  more  than  45  degrees  from  the  horizontal,  equipped  with 
hoisting  machinery,  shall  be  divided  into  at  least  two  compartments ;  one  compart* 
ment  to  be  divided  o£F  and  set  aside  for  a  ladderwaj.  The  ladders  shall  be  suffi- 
cxentlj  strong  for  the  purpose  demanded,  and  landings  shall  be  constructed  not  more 
than  30  feet  apart ;  said  landings  to  be  closely  covered,  except  an  opening  laige 
enough  to  permit  the  passage  of  a  man.  A  landing  shall  be  constructed  in  manway 
at  all  working  levels." 

''Section  20. — In  every  mine  within  this  State,  if  more  than  200  feet  in  depths 
where  a  single  shaft  afTords  the  only  means  of  egress  to  persons  employed  under> 
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ground,  and  the  ladderwaj  compartment  is  covered  by  a  non-fireproof  building,  it 
shall  be  the  duty  of  the  operator  of  said  mine  to  cause  said  ladderway  to  be  securely 
bulkheaded,  or  a  trap  door  placed  over  same  at  a  point  at  least  25  feet  below  the 
collar  of  the  shaft,  and  if  a  trap  door  is  used,  it  must  be  kept  closed,  or  so  arranged 
that  it  can  be  closed  from  a  point  outside  of  the  building  by  the  releasing  of  a  rope, 
and  below  this  bulkhead  or  trap  door,  if  the  shaft  is  situated  on  a  side  hill,  a  drift 
shall  be  driven  to  the  surface,  and  if  the  shaft  containing  said  ladderway  may  be 
otherwise  situated,  this  drift  shall  be  driven  on  the  level  to  a  safe  distance,  but  ii> 
no  case  less  than  30  feet  beyond  the  walls  of  the  building  covering  the  main  shaft, 
and  from  such  a  point  a  raise  shall  be  made  to  the  surface.  The  said  raise  shall 
be  equipped  with  a  ladderway,  and  it,  together  with  the  drift  connecting  with  the 
main  shaft,  shall  be  kept  in  good  repair,  and  shall  afford  an  easy  exit  in  the  event 
of  fire." 

"Section  21. — Whenever  the  exit  or  outlet  from  a  mine  is  not  in  a  direct  or  con- 
tinuous course,  signboards,  plainly  marked^  showing  the  direction  to  be  taken^ 
must  be  placed  at  each  departure  from  the  continuous  course." 

"Section  28. — It  shall  be  the  duty  of  every  operator  to  provide  every  tunnel  or 
adit  level,  the  mouth  of  which  is  covered  by  a  house  or  building  of  any  kind,  with 
a  door  near  the  mouth  of  the  same,  that  can  be  closed  from  the  outside  of  the 
building  by  a  pull  wire  or  cable  in  the  event  of  fire  ;  inside  of  door  a  raise  shall  be 
run  to  connect  with  surface,  thus  affording  a  means  of  exit  in  the  case  of  fire.'' 

Regulations  Relating  to  Structures  over  Shaft-Mouths, 

"  Section  27. — It  shall  be  unlawful  for  the  operator  of  any  mine  withiiv  the  State 
to  erect  any  structure  over  the  shaft  of  any  mine,  except  head-frames  necessary  for 
hoisting  from  said  shaft  or  outlet,  and  the  hatch  or  door  necessary  for  closing  such 
shaft  or  outlet ;  provided^  koweveTf  it  shall  be  lawful  to  erect  a  house  of  non-inflam- 
mable and  fire-proof  material  over  such  shaft  or  adit  to  protect  the  men  working 
at  such  point  In  the  case  of  existing  houses  covering  mouths  of  shafts  or  adits,  it 
shall  be  the  duty  of  the  superintendent  of  the  mine  to  canse  the  immediate  removal 
of  all  inflammable  material  stored  therein,  and  it  shall  be  the  further  duty  of  such 
superintendent  to  prohibit  the  storage  of  any  inflammable  material  80  feet  from 
the  exterior  walls  of  any  housing  hereinafter  built." 

Regulations  Relating  to  Inflammable  Materials  Used  Underground 

and  on  Surface. 

"Section  16. — All  timber  removed  shall,  as  soon  as  practicable,  be  taken  from 
the  mine,  and  shall  not  be  piled  up  and  permitted  to  decay  underground." 
"Section  22. — Use  of  gasoline  underground  is  forbidden." 

RegulatUms  Relating  to  Fire-Fighting  and  Control  of  Mine-Fires. 

"Section  41. — At  every  mine  in  this  State, employing  forty  or  more  men  under- 
ground, there  shall  be  kept  on  hand  at  all  times,  in  good  working  condition,  at 
least  two  smoke  helmets  of  a  design  to  be  approved  by  the  State  Mining  Inspector, 
and  which  helmets  shall  at  all  times  be  subject  to  his  inspection.  For  every  addi- 
tional fifty  men  so  employed  an  additional  smoke  helmet  shall  be  provided." 

These  regulations  are,  at  best,  only  fragmentary,  but  they 
indicate  an  effort  to  provide  certain  things  that  a  mine-operator 
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must  do.  Most  mine-operators  are  willing  to  conform  to  any 
reasonable  regulations,  but  until  a  more  or  less  complete  code 
is  drawn  up  and  incorporated  in  our  State  mining-laws,  we 
must  expect  to  find  them  somewhat  backward  in  taking  the 
initiative,  except  in  those  cases  where  either  bitter  experience 
or  broad  training  has  stimulated  operators  to  take  the  subject 
up  in  detail. 

V.  Proposed  Regulations. 

With  the  object  of  inviting  discussion,  and  of  giving  point 
to  the  generalizations  in  the  foregoing,  I  have  written  the 
following  regulations.  The  difficulty  of  providing  for  every 
emergency  that  may  arise  in  a  mine-fire,  and  of  meeting  the 
miscellaneous  conditions  that  are  present  in  Western  metal- 
mines,  is  apparent,  and  in  preparing  these  regulations  I  have 
endeavored  to  maintain  a  conservative  rather  than  an  extreme 
.  position. 

1.  Egress  from  Mines. 

For  mines  deeper  than  200  ft.,  and  employing  ten  or  more 
men  underground,  operators  must  observe  the  following : 

1.  Two  outlets  must  be  maintained  in  good  condition  at  all 
times  during  the  operation  of  the  mine. 

2.  Where  two  or  more  shafts  are  in  use,  two  of  such  shafts 
must  be  provided  with  ladder-ways  in  separate  compartments, 
and  such  ladder-ways  maintained  in  good  condition  during  the 
operation  of  the  mine. 

3.  Where  ladder-way  shafts  are  inclined  at  a  greater  angle 
than  45°,  landings  closely  boarded,  and  with  openings  just 
sufficient  to  allow  the  passage  of  a  man,  must  be  provided  at 
intervals  not  greater  than  30  feet. 

4.  In  mines  operated  through  three  or  more  working-shafts, 
where  each  shaft  is  provided  with  hoisting-machinery,  a  ladder- 
way  may  be  provided  in  but  one  shaft. 

5.  Between  levels  at  least  one  winze  must  be  provided  with 
a  ladder-way,  and  the  same  maintained  in  proper  condition 
where  the  level  is  in  use  for  extraction  of  ore,  or  ventilation. 

6.  On  each  level  the  direction  to  shafts  and  winzes,  used  as 
exits  in  cases  of  emergency,  must  be  clearly  indicated  by  sign- 
boards. 
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2.  Mine  Surface-Structures. 

1.  None  but  fire-proof  buildings  are  to  be  permitted  over 
shaft  or  tunnel-mouth. 

2.  Where  shaft-mouths  are  open,  wooden  head-frames  and 
bins  may  be  permitted. 

8.  Non-fire-proof  buildings  must  not  l)e  placed  nearer  than 
SO  ft.  to  any  shaft-mouth  or  tunnel-entrance. 

4.  Mine-plant  buildings  of  non-fire-proof  construction  must 
be  separated  from  each  other  by  a  space  not  less  than  30  ft.  wide. 

5.  In  a  mine  surface-plant  where  non-fire-proof  construction 
is  employed,  hoisting-machinery,  boiler-plant,  blacksmith-  and 
machine-shop,  timber-framing  shop,  change-house,  and  storage 
of  supplies  must  be  placed  in  separate  buildings  separated  by 
A  fire-space  not  less  than  30  ft.  Avide. 

3.  Inflammable  Materials  on  Surface  and  Underground. 

1.  Where  fire-proof  shaft-  and  tunnel-houses  are  in  use,  tim- 
ber or  other  infiammable  material  in  excess  of  sufficient  for  one 
shift's  use  must  not  be  stored  in  such  buildings. 

2.  Timber-yard  or  timber-storage  sheds  must  be  placed  not 
less  than  75  ft.  from  any  mine-building. 

8.  Lubricating-oils  and  inflammable  fluids  must  be  stored  in 
:fire-proof  buildings  separated  by  a  distance  of  not  less  than 
75  ft.  from  other  mine-buildings. 

4.  Metal  containers  must  be  provided  for  the  storage  of  all 
waste  used  in  wiping  and  cleaning  machinery.  They  are  to  be 
provided  for  each  machinery-room  in  the  surface-plant,  and  for 
each  group  of  machines  underground. 

5.  Lubricating-  and  illuminating-oils  in  excess  of  a  24-hr. 
supply  must  not  be  stored  underground  or  in  surface-buildings 
other  than  the  oil-storage  building. 

6.  Qasoline  and  substances  of  like  nature  are  not  to  be  used 
underground. 

7.  Timber  in  excess  of  a  24-hr.  supply  is  not  to  be  stored 
underground. 

8.  Powder-drifts  which  are  used  for  the  temporary  storage 
and  handling  of  powder  underground,  must  be  cleared  of  all 
paper,  empty  boxes  and  rubbish,  at  least  once  each  24  hours. 

9.  Where  timber  is  framed  at  one  or  more  points  in  a  mine, 
these  places  must  be  cleared  of  chips  and  rubbish,  at  least 
once  each  24  hours. 
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4.  Surface  and  Underground  RegrdaMons. 

1.  Where  mine  surface-structures  are  of  non-fire-proof  con- 
struction a  sufficient  water-supply  must  be  provided  for  fire- 
fighting  purposes.  One  fire-plug  and  hose-reel  must  be  placed 
not  less  than  25  ft.  from  the  shaft-mouth,  and  such  other  fire- 
plugs placed  as,  in  the  judgment  of  the  State  mine-inspector 
and  mine-superintendent,  shall  be  sufficient  to  quench  any 
ordinary  fire. 

2.  At  shaft-house,  in  timber-framing  building,  power-plant, 
change-room,  and  such  other  parts  of  the  surface-plant  as  the 
mine-inspector  may  decide,  at  least  two  fire-extinguishers  of 
an  approved  type  must  be  placed  and  maintained  in  proper 
working-order.  They  must  be  placed  in  a  conspicuous  and 
convenient  place. 

3.  Smoking  shall  be  prohibited  in  non-fire-proof  surface- 
plants. 

4.  Where  more  than  a  nominal  number  of  lamps  using  illu- 
minating-oils are  in  use  a  separate  lamp-house  shall  be  provided 
and  all  filling,  cleaning,  and  trimming  done  in  this  building. 

5.  Where  water-pipes  are  not  installed  in  shaft,  connections 
must  be  provided  with  the  surface  water-system  so  that  the 
compressed-air  pipes  may  be  used  to  bring  water  underground 
in  the  case  of  a  fire. 

6.  Connections  must  be  made  with  air-pipes  at  each  station, 
whether  the  same  is  in  active  use  or  not.  These  connections 
must  be  such  that  air  can  l)e  turned  into  the  station. 

7.  Where  candle  illumination  is  used  underground  metal 
sconces  must  be  provided  at  all  timbered  stations  and  stopes  and 
miners  required  to  use  same. 

8.  The  placing  of  lighted  candles  on  timbers  without  proper 
protection  is  prohibited. 

9.  Smoking  is  prohibited  in  timbered  mines. 

10.  At  all  timbered  stations  which  are  in  active  use  and  where 
water-supply  and  hose-lines  are  not  provided,  at  least  two  fire- 
extinguishers  of  approved  type  shall  be  placed  and  maintained 
in  working  condition. 

11.  Where  electric  illumination  or  power  is  used  underground 
or  in  surface-plant,  line-installation  and  protection  must  be  in 
accordance  with  the  Electric  Code  of  the  National  Board  of  Fire 
Underwriters. 
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12.  Transformers,  where  used  underground,  must  be  placed 
in  fire-proof  chambers  and,  at  each  bank  of  transformers,  sand- 
boxes must  be  placed  and  a  supply  of  sand  maintained. 

13.  In  heavily-timbered  stopes  fire-inspection  must  be  pro- 
vided after  each  shift  leaves  and  before  the  new  shift  comes  on. 

14.  Air-tight  doors  shall  be  constructed  in  each  level,  where 
practicable,  between  upcast  and  down-cast  shafts.  Such  doors 
should  be  preferably  of  fire-proof  construction. 

5.  Regulations  for  Fire-Fightiy^g  and  Control  of  Mine-Fires. 

1.  The  mine-foreman,  under  the  direction  of  the  mine-super- 
intendent, shall  have  charge  of  all  fire-fighting  operations. 

2.  The  mine-foreman  shall  designate  certain  assistants  to  con- 
stitute a  fire-fighting  squad,  and  assign  duties  to  such  assistants. 
The  names  of  such  assistants  shall  be  posted  at  shaft-mouths  as 
the  fire-fighting  squad. 

3.  The  mine-foreman  shall  conduct  a  general  fire-drill  at  least 
once  each  three  months  and  at  that  time  examine,  test,  and  re- 
port to  the  superintendent  the  condition  of  all  fire-fighting  appa- 
ratus, exits,  and  ladder-ways.  This  report  shall  be  in  writing, 
and  shall  receive  the  signature  of  the  State  mine-inspector  on 
his  next  inspection-visit  after  the  fire-drill. 

4.  In  mines  employing  50  men,  at  least  two  smoke-helmets 
of  an  approved  type  shall  be  maintained  in  proper  working-con 
dition  at  all  times.  For  each  30  men  in  addition  an  additional 
smoke-helmet  shall  be  installed  and  maintained  in  working-con- 
dition. The  foreman  shall  instruct  the  fire-fighting  squad  in 
their  use. 

5.  In  mines  employing  200  or  more  men  underground,  at  least 
two  oxygen-helmets  shall  be  maintained  in  proper  working-con- 
dition. The  foreman  shall  designate  certain  men  for  instruction 
and  practice  in  the  use  of  such  helmets. 

6a.  In  mines  employing  200  or  more  men  underground,  a 
<<pulmoter"  in  proper  working-condition  must  be  provided. 
The  foreman  shall  instruct  the  fire-fighting  squad  in  its  use. 

6.  A  general  signal  to  indicate  a  surface-fire  and  one  for  an 
underground  fire  shall  be  designated. 

7.  Where  practicable,  an  "  all  out  of  the  mine  "  signal  shall 
be  designated  and  used  in  emergency.  This  signal  must  be  used 
only  by  persons  to  be  designated  by  the  superintendent. 

[19] 
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8-  Detailed  instructions  to  surface  and  underground  men  as 
to  what  to  do  in  the  case  of  fire  are  to  be  posted  at  shaft-mouth 
and  underground  stations. 

VI.  Conclusion. 
This  paper  is  written  in  the  hope  that  some  discussion  will 
result.  The  use  of  fire-proof  construction,  the  comparative  cost 
of  such  construction,  methods  of  preventing  the  spread  of,  and  of 
fighting,  mine-fires,  and  mine-fire  regulations  are  subjects  upon 
which  many  of  the  members  of  the  Institute  can  no  doubt  con- 
tribute much  of  importance. 
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Recent  Developments  in  Open-Hearth  Steel-Practice. 

BT  N.    E.   MACCALLUM,   PHCENIXYILLE,  PA. 
(Cleveland  Meeting,  October,  1912.) 

Almost  half  a  century  has  passed  since  the  Siemens  brothers, 
after  tedious  and  costly  experiments,  finally  began  the  manu- 
facture of  open-hearth  steel.  The  furnace  of  that  time  was  very 
small,  having  a  hearth-capacity  of  from  3  to  4  tons,  and  we  can 
appreciate  the  wonderful  development  that  has  taken  place  in 
those  50  years  by  the  knowledge  that  to-day  furnaces  of  60 
times  the  original  capacity  are  in  operation.  As  the  new  steel 
process  assumed  importance,  and  furnaces  began  to  grow  in 
number  and  in  size,  a  question  arose,  to  which  no  satisfactory 
answer  has  ever  been  given,  and  that  was:  **  What  is  the  safe 
and  economical  limit  of  the  open-hearth  furnace  ?  "  Various 
stopping-places  have  been  suggested,  and  20,  30,  40,  and  50 
tons  have  each  been  advocated,  but  all  such  arbitrary  restric- 
tions have  been  passed,  and  60  tons  would  probably  represent 
the  average  furnace,  although  in  a  few  instances  from  70  to 
80  tons  are  regularly  tapped  into  one  ladle.  The  furnaces 
which  are  the  subject  of  the  present  paper  have  gone  far  beyond 
even  these  limits,  and  since,  in  my  opinion,  they  mark  another 
step  in  the  progress  of  open-hearth  steel,  they  will  be  consid- 
ered fairly  and  frankly,  in  order  that  those  to  whom  the  matter 
may  be  of  interest  may  be  able  to  judge  and  form  their  own 
conclusions. 

Short  accounts  of  the  work  of  these  furnaces  have  appeared 
from  time  to  time  in  various  technical  journals,  of  which  the 
following  is  a  brief  risumL 

These  furnaces  are  the  property  of  the  Phoenix  Iron  Co.,  of 
Phcenixville,  Pa.,  and  their  distinctive  and  important  feature  is, 
that  they  charge  to  twice  the  capacity  of  one  ladle,  and  tap  simul- 
taneously into  two  ladles,  with  a  device  for  controlling  the  flow 
into  either.  In  this  way  the  capacity  of  the  furnace  is  not  lim- 
ited, as  formerly,  but  heats  of  any  size  within  the  capacity  of 
two  ladles  may  be  charged. 
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The  ultimate  reason  for  charging  furnaces  beyond  the  normal 
amount  is  not  that  large  heats  may  be  made,  but  because  by 
making  large  heats  a  material  increase  of  product  is  obtained. 

Fig.  1  is  a  view  of  a  furnace  with  divided  spout,  tapping  into 
two  ladles.  A  plan  of  the  divided  spout,  pits,  and  ladles  is 
given  in  Fig.  2.  In  order  to  make  the  branches  of  the  spout 
as  short  as  possible,  one  ladle  is  placed  slightly  in  advance  of 
the  other,  which  also  enables  the  trunnions  to  clear.  Fig.  3 
shows  a  plan  and  a  front-elevation  and  Fig.  4  a  side-elevation 
of  the  device  for  controlling  the  flow  of  steel  into  either  ladle. 
Its  purpose  is  not  to  stop,  but  merely  to  check,  the  flow.  The 
levers  by  which  it  is  operated  are  placed  from  20  to  30  ft.  from 
the  center  of  the  furnace,  and  the  controlling-rod  is  protected 
by  fire-brick,  much  the  same  as  the  ladle-rod. 

The  first  of  these  furnaces,  here  designated  as  A,  B,  and  C, 
was  completed  early  in  1909.  The  area  of  the  hearth,  which 
had  been  decided  upon  after  a  few  friendly  visits  to  neighboring 
plants,  was  32  by  14  ft.,  and  was  a  fair  average  of  furnaces 
charging  from  50  to  55  tons  of  materials.  At  that  time  no 
thought  had  been  entertained  of  breaking  away  from  the  estab- 
lished practice,  but,  on  comparing  the  capacity  of  this  hearth 
with  those  of  our  smaller  furnaces,  it  proved  to  be  so  much  in 
excess  that  the  question  was  raised  as  to  the  advantage  of  a 
large  hearth  if  it  could  not  be  fully  utilized.  Various  experi- 
ments were  then  undertaken  to  determine  the  feasibility  of 
using  two  ladles,  and  the  best  means  of  controlling  the  flow 
into  either  ladle,  which  resulted  in  our  present  practice. 

Furnace  B,  completed  in  September,  1909,  was  the  same  in 
all  respects  as  Furnace  A,  except  that  the  hearth  was  lengthened 
4  ft,  making  it  86  by  14  ft.  in  area. 

Furnace  C  was  built  in  1911,  the  size  of  the  hearth  being  in- 
creased to  42  by  15  ft.  The  size  of  the  regenerator-chambers 
was  also  increased.  These  chambers  were  designed  to  meet 
existing  conditions.  The  air-chambers  of  Furnaces  A  and  B  are 
9  ft.  wide  and  the  gas-chambers  6  ft.  wide.  For  Furnace  C  the 
air-chambers  are  12  ft.  wide  and  the  gas-chambers  8  ft  wide. 
The  length  of  chambers  and  depth  of  checker  work  are  uniform 
for  all  the  furnaces,  18  and  7  ft.  respectively.  If  now  these  fur- 
naces are  rated  as  115  tons,  130  tons,  and  165  tons  capacity,  which 
is  the  usual  weight  of  ingots  tapped  from  each,  it  will  be  noted 
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Fig.  2. — General  Plan  of  Twin  Ladle-Pit  and  Spout  for  Open- 
Hearth  Furnaces.  Digitized  by  GoOglc 
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that  the  checker-space  on  each  end  of  the  furnace  is  only  equal  ta 
about  15  cu.  ft.  per  ton  of  hearth-capacity;  or,  one-sixth  of  the 
amount  generally  allowed  and  recommended  by  prominent 
metallurgists.  This  statement  is  not  made  from  any  desire  to 
criticise  or  detract  from  the  prevailing  views  and  practice ;  but 
it  might  be  worth  while  to  note  that,  had  this  practice  been 


Fig.  4. — Side-Elevation  op  Stbeam-Controlleb. 


followed,  the  depth  of  checker-space  in  Furnaces  A,  B,  and  C 
would  have  been  46  ft.  instead  of  7  ft.  Or,  to  stat^  the  same 
thing  in  another  way,  the  rated  capacity  of  the  furnaces,  based 
on  checker-space,  would  be  19  tons  for  Furnaces  A  and  B,  and 
25  tons  for  Furnace  C,  instead  of  115,  130,  and  165  tons.  It 
may  therefore  be  safely  assumed  that  any  particular  merit  which 
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this  practice  poBseBses  must  be  attributed  to  causes  other  than 
the  chambers. 

The  areas  of  the  hearths  of  Furnaces  A  and  B  were  practically 
the  same  as  those  of  ordinary  furnaces  rated  at  from  50  to  55 
tons  capacity,  and  that  of  Furnace  C,  42  by  15  ft.,  giving  an  area 
of  680  sq.  ft,  is  almost  an  exact  duplicate  of  the  area  of  a  number 
of  furnaces  recently  completed  and  rated  at  60  tons.  The  hearths 
are  of  the  usual  depth  and  measure  from  pan-plate  to  top  of  fore- 
plate  5  ft.  0.5  in.  The  pan  is  covered  with  18  in.  of  brick  and 
from  10  to  12  in.  of  magnesite  in  front  of  tap-hole.  If,  there- 
fore, the  hearths  are  of  the  same  size,  and  the  chambers  are 
much  smaller  than  those  of  many  other  furnaces,  it  is  apparent 
that  the  large  tonnage  must  be  due  to  other  reasons,  which 
we  shall  endeavor  to  show  lie  not  in  the  furnace,  but  in  the 
practice. 

On  one  occasion,  in  discussing  methods  of  operation  with  the 
superintendent  of  a  large  steel  concern,  I  asked  if  he  reduced  the 
size  of  open-hearth  heats  at  the  week-end,  and  the  reply  was  that 
he  did  not,  as  it  had  been  found  that  a  large  heat  could  be  made 
almost  as  quickly  as  a  small  one.  That  was  the  open-hearth 
man's  way  of  broadly  stating  a  truth,  which  was  not  intended 
to  be  accepted  too  literally.  It  is  not  true,  of  course,  that  a 
large  heat  can  be  made  as  quickly  as  a  small  heat,  but  it  is  true 
that  steel  is  made  faster  in  a  large  unit  than  in  a  small  one. 
This  seems  an  obvious  fact,  yet  it  is  one  that  receives  but  little 
attention  and  is  rarely  considered  in  comparing  the  work  of  one 
furnace  with  another.  In  most  works,  the  number  of  heats 
which  each  furnace  makes  weekly  constitutes  the  basis  of  com- 
parison; but  it  is  evident  that  for  furnaces  of  different  capacities 
it  would  be  of  little  value,  since  the  small  furnace  might  make 
more  heats  and  yet  not  equal  the  tonnage  of  a  larger  furnace, 
or,  in  furnaces  of  similar  capacities,  one  might  be  delayed  with 
repairs  to  hearth  or  otherwise  and  show  a  decreased  tonnage, 
although  it  might  be  a  faster- working  furnace.  For  a  number 
of  years  I  have  used,  as  a  basis  of  comparison,  the  time  from 
beginning  the  charging  until  the  tap-hole  is  open,  divided  by 
the  product,  which  gives,  in  minutes  per  ton,  the  rate  at  which 
steel  is  being  made.  This  gives  a  reliable  means  of  determin- 
ing the  speed  with  which  any  furnace  is  capable  of  making  steel, 
and  also  its  ability  to  compete  with  other  furnaces.     Using  this 
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method  of  compariBon,  Table  I.  has  been  compiled  from  fur- 
nace-records of  the  Phoenix  Iron  Co.  In  every  case  the  record 
covers  a  period  of  not  less  than  six  months  and  should  be  fairly 
representative  of  the  work  done  by  each  furnace.  The  smaller 
furnaces  are  of  the  older  type  with  regenerators  underneath  the 
hearth,  but  did  efficient  work  and  compared  well  with  other 
furnaces  of  similar  construction.  Furnace  C  now  stands  on  the 
site  formerly  occupied  by  two  of  the  smaller  furnaces,  JSTos.  5 
and  6,  and  it  is  interesting  to  note  that  Furnace  C  is  making 
steel  just  a  little  more  than  three  times  as  fast  as  No.  6  for- 
merly did. 

Table  I. — Data  of  Furnace- Practice. 


Furnace. 

Hearth-Area. 

Weight  oflngots. 

Time  Per  Toq. 

No.  3 

17.5  by  12  ft 
20  ft.  3.5 in. by  12.5  ft 
24  ft  by  12.5  ft 
32  by  14  ft 
36  by  14  ft  . 
42  by  15  ft 

Tons. 

30 

40 

50 

115 

130 

165 

Minutes. 
32.79 
26.48 
19.66 
11.50 
10.50 
8.68 

No.  5 

No.  1 

A 

B 

C 

A  study  of  Table  I.  will  reveal  two  significant  facts :  One, 
that  the  economical  limit,  so  far  at  least  as  time  is  concerned,  has 
not  been  passed,  since  Furnace  C  is  shown  to  be  making  steel  21 
per  cent,  faster  than  Furnace  B.  The  other,  the  striking  de- 
crease in  minutes  per  ton  as  the  hearth-area  and  unit  of  steel  in- 
crease, and  it  is  on  this  fact  that  the  practice  of  the  Phoenix  Iron 
Co.  is  based.  The  extent  to  which  any  furnace  may  add  to  its 
product  will  be  proportional  to  the  excess  charged  over  the 
normal  one-ladle  heat,  but  from  the  experience  of  the  Phoenix 
Iron  Co.,  it  may  be  affirmed  that  by  doubling  the  normal 
charge  the  product  of  any  furnace  can  be  increased  by  from 
one-fourth  to  one-third ;  that  is,  if  a  furnace  charging  single- 
ladle  heats  can  produce,  say,  600  tons  weekly,  it  will  by  charg- 
ing double-ladle  heats  produce  from  750  to  800  tons.  This 
can  be  readily  demonstrated  by  operating  any  furnace  alter- 
nately on  single-ladle  heats  and  half-ladle  heats,  and  comparing 
the  number  of  minutes  required  in  each  case  to  make  a  ton  of 
steel. 

Why  should  steel  be  made  faster  in  large  units  than  in  small  ? 
No  particular  reason  can  be  assigned,  but  there  are  several 
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probable  causes  which  contribute  to  that  result.  The  first  and 
most  important  is  the  economy  in  time  ;  that  is,  in  a  given  time 
more  steel  will  be  produced,  or  the  same  amount  of  steel  will 
be  produced  in  less  time.  This  can  be  better  understood  by 
dividing  into  two  periods  the  time  required  to  make  a  heat 
of  steel,  the  first  period  being  the  time  required  to  charge  and 
melt,  and  the  second  period  the  time  from  when  the  lime  floats 
to  the  surface  of  the  bath  until  the  heat  is  ready  to  be  tapped, 
known  as  the  "working"  of  the  heat.  In  the  first  period 
the  double-ladle  heat  will  not  show  much  gain  over  the  single- 
ladle  heat,  as  it  will  take  almost  twice  as  long  to  charge  and 
melt,  but  in  the  second  period,  when  spar,  ore,  and  other  addi- 
tions are  made,  the  double-ladle  heat  gains  a  decided  advan- 
tage, since  it  takes  but  little  longer  to  "  work "  a  large  heat 
than  a  small  one.  At  various  times  during  the  past  three  years 
single-ladle  heats  have  occasionally  been  made  on  Furnaces  A,  B, 
and  C,  and  a  careful  scrutiny  of  the  records  shows  that  the 
average  time  required  to  make  a  ton  of  steel  on  those  heats  was 
12.2  min.,  while  the  average  time  at  which  furnaces  were  run- 
ning on  double-ladle  heats  was  9.7  min.,  showing  that  it  re- 
quired 26.7  per  cent,  more  time  to  make  a  ton  of  steel  on  a 
single-ladle  heat  than  on  a  double-ladle  heat. 

As  a  second  cause,  it  is  evident  that  twice  as  many  single- 
ladle  heats  will  be  required  to  produce  the  same  tonnage  as 
that  from  double-ladle  heats,  therefore  one-half  the  time  which 
would  be  required  to  make  repairs  to  the  hearth  in  the  former 
case  will  be  available  for  making  steel  in  the  latter.  Then 
again,  each  heat  of  steel  that  is  made,  whether  large  or  small, 
entails  two  extremes  of  temperature,  viz. :  the  cooling  of  the 
hearth  and  furnace  when  cold  stock  is  introduced,  and  the 
maximum  temperature  necessary  to  tap,  at  which  time  the 
hearth  and  furnace  must  be  raised  to  at  least  the  same  tempera- 
ture as  the  steel.  It  will  therefore  take  twice  as  many  heat- 
unite  to  raise  the  furnace  and  hearth  to  this  temperature  to 
make  two  single-ladle  heate  as  would  be  required  to  make  one 
double-ladle  heat,  just  as  in  heating  water  or  other  substance  in 
a  refractory  vessel,  less  time  will  be  required  to  heat  a  certain 
amount  in  one  portion  than  to  divide  that  amount  into  two  por- 
tions and  heat  each  separately,  the  difference  in  time  being  that 
required  to  heat  the  container  a  second  time. 

[9] 
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A  third  cause  is  radiation.  Campbell,^  in  reference  to  heat- 
distribution  in  an  open-hearth  furnace,  says :  "  Roughly  speak- 
ing, about  one-half  of  all  the  heat  supplied  to  an  open-hearth 
furnace  is  lost  by  radiation  and  conduction."  That  statement 
concerns  the  present  paper  only  to  the  extent  that  the  more  fre- 
quently a  furnace  is  raised  to  a  tapping-temperature  the  greater 
will  be  the  loss  by  radiation,  as  the  latter  increases  with  each 
degree  of  raise  of  temperature,  so  that  the  fewer  heats  that  are 
made  in  proportion  to  the  tonnage,  the  less  frequently  will  the 
furnace  be  raised  to  a  tapping-temperature,  and  the  less  will  be 
the  loss  by  radiation.  This  is  simply  illustrated  by  noting  the 
time  required  to  heat  a  volume  of  water  from  t°  to  the  boiling- 
point,  then  removing  a  portion  and  replacing  with  water  at  t°, 
and  again  raising  to  the  boiling-point,  and  repeating  the  opera- 
tion until  the  added  portions  equal  the  original  volume.  The 
added  portions  collectively  will  take  longer  to  boil  than  the 
original  amount,  the  difference  being  equal  to  the  excess  radia- 
tion that  has  occurred  at  the  higher  average  temperature. 

These  views  have  been  advanced  with  some  hesitancy,  but 
they  appear  to  offer  a  reasonable  explanation  why  steel  is  made 
faster  in  large  units  than  in  small  ones.  To  confirm  these  argu- 
ments further,  a  statement  of  the  actual  tonnage  which  each 
furnace  has  made  is  given  below.  All  the  stock  is  charged 
cold,  and  the  fuel  used  is  producer-gas. 


Furn- 
ace. 

Period  of  Time. 

Output. 

Time  Per 
Ton  of 
Output. 

Minutes. 
11.46 
11.54 

10.38 
10.44 

8.68 

Fastest  Time  for 

One  Ton  of 

Output. 

Largest  Heat. 

A. 

First  year 

OroM  Tons. 
41,436 
39,910 

43,900 
43,615 

47,200 

Minutes. 
8.27 

7.49 
6.92 

Gross  Tons. 
130.04 

B, 
C. 

Second  year 

First  year 

Second  year 

47  weeks 

146.32 

177.77 

^» 

Furnace  C  has  still  five  weeks  in  which  to  complete  the  year 
and  should  run  well  over  50,000  tons,  which  is  probably  the 
largest  tonnage  that  has  ever  been  produced  from  any  furnace 
using  all  cold  raw  material. 

The  saving  in  cost,  which  will  be  proportionately  increased 
as  the  tonnage  increases,  depends  upon  labor,  fuel,  and  repairs. 

'  Manufacture  and  Properties  of  Iron  and  Steely  3d  ed.,  p.  224  (1904). 
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The  number  of  men  necessary  to  operate  a  furnace  on  a 
double-ladle  heat  is  the  same  as  on  a  single-ladle  heat,  and  if 
the  product  is  increased  one-third,  it  is  apparent  that  the  labor 
will  be  reduced  one-fourth,  including  all  furnace-labor  except 
that  of  the  stock-loaders. 

The  fuel  (gas-coal),  covering  a  period  of  several  months,  will 
not  vary  much  whether  the  furnace  is  making  large  or  small 
heats,  and,  as  is  the  case  with  the  labor,  should  show  a  saving 
of  one-fourth.  Furnaces  A  and  B  are  on  the  same  gas-line  as 
the  blooming-mill  soaking-pits,  and,  consequently,  it  is  difficult 
to  get  accurate  data.  Furnace  C,  however,  is  supplied  from  an 
independent  line,  and  the  figures  used  are  based  on  the  actual 
amount  of  coal  received  in  the  cars.  On  a  run  of  22  consecu- 
tive weeks,  including  the  entire  time  from  commencing  the  first 
heat  until  shut  down  for  repairs,  the  average  amount  of  coal 
used  per  ton  of  steel  was  547  lb.  Just  whether  this  represents 
a  saving  of  one-fourth  is  uncertain,  but  we  can  estimate  what 
the  amount  of  coal  would  have  been  had  the  furnace  been  oper- 
ated on  single-ladle  heats,  in  which  case  the  product  would 
have  been  reduced  one-fourth  and  the  amount  of  coal  increased 
one-third.  Furnace  C  averages  slightly  more  than  1,000  tons 
of  product  weekly,  so  the  product  would  have  been  750  tons, 
and  the  coal  increased  one-third  would  have  been  729  lb.  per 
ton  of  steel.  That  is,  instead  of  1,000  tons  of  steel,  with  a  coal- 
consumption  of  547  lb.,  on  double-ladle  heats,  we  should  have 
750  tons  of  steel,  with  coal-consumption  of  729  lb.,  on  single- 
ladle  heats. 

Bearing  in  mind  the  arguments  that  were  advanced  in  explana- 
tion of  the  increased  product  of  large  heats,  the  use  of  pig-iron 
with  an  average  content  of  0.70  phosphorus  and  0.70  silicon, 
with  considerable  quantities  of  lower-grade  iron  as  cheapeners, 
together  with  the  miscellaneous  scrap  that  the  market  affords, 
729  lb.  of  coal  cannot  be  considered  excessive  for  Eastern 
practice,  particularly  covering  a  period  of  22  weeks,  so  that  it 
is  probable  a  saving  of  one-fourth  is  not  far  wide  of  the  mark. 
With  larger  regenerators  it  is  likely  a  still  further  saving  might 
be  effected. 

What  has  been  said  in  regard  to  labor  and  fuel  should  also 
apply  to  repairs.     That  is,  in  a  given  period  the  wear  and  tear 
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will  be  about  the  same,  regardless  of  the  size  of  the  heat  or  of 
product.  In  the  run  of  22  weeks,  the  total  product  from  Furnace 
C  was  24,298  gross  tons,  and  the  repairs  that  followed,  includ- 
ing roof,  linings,  checkers,  cost  of  brick,  bricklaying,  and  com- 
mon labor,  was  a  fraction  less  than  12  cents  per  ton. 

Having  discussed  the  increased  product  and  economies  re- 
sulting from  the  two-ladle  practice,  what  are  the  objections 
likely  to  be  raised  against  this  method  of  steel-making  ?  Prob- 
ably the  first  would  be  the  risk  of  handling  such  large  quan- 
tities of  steel  and  the  possible  consequences  in  case  of  accident. 
In  reply,  it  may  be  said  that  in  modern  open-hearth  practice, 
when  liuings  have  been  increased  in  thickness,  partly  to  over- 
come excessive  radiation  and  partly  to  prevent  accidents, 
break-outs  rarely  occur,  and  as  double-ladle  practice  requires 
only  one-half  the  usual  number  of  heats  to  produce  the  same 
tonnage,  it  is  evident  that  that  risk,  whatever  it  is,  has  been  cut 
in  half.  It  may  be  imagined  that  serious  trouble  might  result 
from  the  chilling  of  a  heat  in  the  furnace,  as  occasionally  hap- 
pens when  the  roof  falls  in.  I  confess  that  the  first  instance  of 
this  kind  was  viewed  with  some  apprehension.  It  occurred  on 
Furnace  B,  when  a  charge  of  335,000  lb.  was  melted;  the  roof 
from  hip  to  hip  fell  in.  This  happened  at  8  a.m.  on  a  Satur- 
day, and  during  the  next  day  the  roof  and  lining  were  replaced. 
Gas  was  turned  in  at  5.30  a.m.  Monday,  and  the  heat  was 
tapped  at  10  p.m.  Tuesday,  yielding  139  gross  tons  of  ingots. 
A  similar  experience  occurred  another  time,  but  in  neither  case 
were  any  difficulties  presented  other  than  would  be  encountered 
in  smaller  heats.  The  divided  spout  and  controller  have  at  all 
times  worked  satisfactorily,  and  no  trouble  has  been  experi- 
enced in  dividing  the  ^teel,  although  occasionally  one  ladle  may 
receive  more  than  the  other,  but  generally  both  ladles  are  evenly 
filled. 

Another  objection  that  might  be  raised  is,  the  difficulty  the 
mills  may  have  in  taking  care  of  the  product  in  large  units,  but 
a  little  consideration  will  show  that  when  mills  are  provided 
with  sufficient  soaking-pit  capacity,  it  makes  but  little  differ- 
ence. If  the  product  is  supplied  from  large  furnaces,  there  will 
be  fewer  heats,  whereas,  if  supplied  from  smaller  furnaces,  there 
must,  necessarily,  be  more  furnaces,  and  a  largely  increased 
number  of  heats,  frequently  causing  what  mill-men  call  "  bunch- 
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ing  "  of  the  heats,  that  is,  when  several  tap  together  or  in  close 
succession.  That  the  large  heats  are  not  objectionable  to  the 
mill-men  is  evidenced  by  the  interest  with  which  the  tapping 
hours  of  the  large  furnaces  are  followed. 

As  to  the  quality  of  the  steel,  it  may  be  said  very  positively 
that  there  is  no  apparent  difference  from  that  made  in  smaller 
amounts.  The  chemical  analyses,  the  physical  tests,  and  fabrica- 
tion of  hundreds  of  thousands  of  tons,  would  surely  have  detected 
any  difference  had  such  existed. 

I  have  traced,  within  the  limits  of  this  brief  paper,  the  causes 
which  led  to  the  development  of  the  double-ladle  practice,  and 
have  shown  the  increased  tonnage  and  decreased  cost  resulting 
therefrom,  also  giving  the  objections  that  may  be  urged  against 
this  practice.  In  conclusion,  I  may  say  that  my  object  is,  not 
to  present  the  Phoenixville  furnaces  as  types  of  fast-working 
furnaces,  as  they  are  not  so  considered,  but  to  show  by  the  work 
that  they  have  done  what  can  be  accomplished  by  the  practice 
which  they  exemplify. 
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Measurements   and   Relations  of  Hardness  and  Depth  of 
Carbonization  in   Case-Hardened  Steel. 

BT  MARK  A.  AMMON,  CLEVELAND,  OHIO. 
(Cleveland  Meeting.  October,  1912.) 

The  two  most  widely  used  methods  of  measuring  hardness 
^re  the  Brinell  and  the  scleroscope.  In  the  Brinell  method  a 
hardened  steel  ball  is  pressed  into  the  steel  under  a  definite  load 
and  the  area  of  the  resulting  depression  is  measured.  The  load 
in  kg.  per  sq.  mm.  of  the  area  of  the  depression  is  taken  as  a 
measure  of  the  hardness.  Within  certain  limits  the  hardness 
number  so  determined  is  independent  of  the  load  or  the  size  of 
the  ball.  In  the  scleroscope  method  a  small  weight  carrying 
a  diamond  point  is  dropped  through  a  glass  tube  upon  the  stee^ 
And  the  amount  of  rebound  is  taken  as  proportional  to  the  hard- 
ness. 

In  both  methods  the  scale  of  hardness  is  an  arbitrary  one; 
however,  they  agree  in  a  comparative  way,  that  is,  a  steel  show- 
ing 50  per  cent,  harder  Brinell  will  show  approximately  50  per 
cent,  harder  scleroscope.  Yet  upon  consideration  of  the  two 
methods  it  appears  that,  upon  a  steel  which  has  been  carbonized, 
this  should  not  be  the  case ;  for  the  scleroscope  method  gives 
almost  exclusively  the  surface-hardness,  and  the  condition  of 
"the  material  below  the  surface  has  but  a  slight  bearing  upon 
the  hardness  number.  The  results  given  by  the  Brinell  method 
should,  however,  be  the  exact  opposite ;  for  the  depth  of  pene- 
tration of  a  ball  pressed  into  the  steel  would  be  dependent  to 
a  large  extent  upon  the  condition  of  the  material  below  the 
surface.  This  is  particularly  obvious  when  it  is  considered  that 
the  size  of  the  ball  ordinarily  used  in  the  Brinell  method  is  1 
-cm.  (about  f  in.)  in  diameter  under  a  load  of  3,000  kg.,  while 
the  diamond  point  of  the  scleroscope  is  in  the  neighborhood  of 
0.01  in.  across,  fitted  in  a  hammer  of  about  0.5  oz.  'weight  and 
dropping  from  a  height  of  10  inches. 
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It  was  thought  that  an  investigation  into  the  hardness  of  a 
case-hardened  steel  by  means  of  a  combination  of  these  two 
methods  might  lead  to  the  development  of  a  process  whereby 
the  depth  of  carbonization  could  be  determined  within  a  reason- 
able degree  of  commercial  accuracy. 

It  was  seen  at  once  that  the  ordinary  size  of  steel  ball  used 
in  the  Brinell  method  would  not  do,  since  the  size  of  the  de- 
pression would  be  so  great  that  a  finished  piece  would  be  more 
or  less  injured  by  it.  A  special  attachment  was  therefore 
made  for  the  machine,  which  accommodated  a  ball  0.25  in.  in 
diameter,  and  this  was  used  in  combination  with  a  weight  of 
5,000  lb.  Instead  of  measuring  the  diameter  of  the  resulting 
depression,  the  depth  of  penetration  was  measured  to  0.0001 
in. ;  and  by  ordinary  geometrical  methods  the  following  formula 
was  determined  to  give  standard  Brinell  readings : 

^        44,700 
"  =  —!>- 

B  being  the  standard  Brinell  reading,  and  D  the  depth  of 
penetration  in  ten-thousandths  of  an  inch. 

Duplicate  investigations  were  made  upon  two  different  steels, 
designated  as  No.  2  and  ISTo.  8,  and  analyzing  as  follows : 

No.  2.  No.  8. 

Percent.  Per  Cent. 

Carbon 0.233  0.188 

Phosphorus O.Oll  0.008 

Sulphur 0.019  0.020 

Manganese 0.53  0.63 

Nickel 3.30 

Each  of  these  steels  was  carbonized  at  two  different  temper- 
atures, 1,650°  and  1,760°  F.  At  successive  periods,  the  first  of 
0.5  hr.,  the  second  1  hr.,  the  third  1.5  hr.,  and  then  each  hour,  one 
piece  of  each  grade  was  taken  from  the  furnace  and  immediate- 
ly quenched  in  water,  while  two  others  were  allowed  to  cool 
in  the  carbonizing-box.  The  two  latter  were  then  reheated 
and  quenched,  one  receiving  a  double  and  the  other  a  single 
quench.  The  piece  quenched  from  the  box  originally,  received 
afterwards  a  second  low  heat. 

The  test-pieces  were  steel  disks  1  in.  thick,  the  two  flat  surfaces 
being  ground  smooth.     The  diameter  of  the  disks  was  If  in- 
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for  grade  No.  8,  and  2  in.  for  No.  2.  Three  of  each  kind  were 
packed  in  a  cast-iron  pot  8  in.  in  diameter  and  12  in.  high, 
making  six  disks  in  each  pot.  They  were  packed  radially  and 
at  equal  distances  from  the  center.  One  of  each  grade  had 
a  wire  attached  to  a  hole  drilled  in  it,  so  that  it  could  be  pulled 
out  and  quenched  as  soon  as  the  box  was  drawn  from  the  fur- 
nace, the  other  four  being  left  in  to  cool  with  the  box. 

The  time  was  divided  into  10  periods  as  shown  in  the  tables. 
Therefore  10  pots  each  containing  the  six  disks  as  described 
above  were  placed  in  a  very  large  furnace,  giving  throughout 
the  heating-chamber  a  uniform  temperature,  maintained  at 
1,650°  F.  In  a  second  furnace,  exactly  similar  and  loaded  in 
the  same  way,  the  temperature  was  maintained  at  1,760°  F. 

After  each  operation  the  disks  were  carefully  smoothed  with 
fine  emery-cloth ;  three  Brinell  and  10  scleroscope  readings 
were  taken  on  each  disk,  and  these  were  averaged. 

In  order  to  prevent  confusion  of  the  disks,  the  following 
ficheme  of  marking  was  employed :  The  figure  2  or  8  was  first 
stamped  on  them  to  distinguish  the  grade ;  this  was  followed  by 
the  letter  H  or  L  to  distinguish  the  disks  carbonized  at  a  high 
(1,750)  from  a  low  (1,650)  temperature ;  this  was  then  followed 
by  the  letter  B,  S,  or  D  to  distinguish  those  quenched  from  the 
box  B,  those  receiving  a  single  quench  S,  and  those  receiving  a 
double  quench  D  after  cooling  in  the  box.  After  these  was 
placed  a  number  from  1  to  10  to  represent  the  order  in  which  the 
disks  were  taken  from  the  furnace.  For  example,  8LS6  meant 
Bteel  No.  8,  carbonized  at  1,650°,  afterwards  receiving  a  single 
quench,  and  the  sixth  disk  taken  from  the  furnace  in  this  series. 

One  disk  of  each  grade  was  taken  from  each  box  after  cool- 
ing and  a  small  piece  was  sawed  out  of  the  edge,  polished, 
etched,  and  the  depth  of  carbonization  measured  under  the  mi- 
croscope, first  measuring  the  depth  of  carbon  greater  than  the 
-eutectic,  then  the  eutectic,  and  then  that  less  than  the  eutectic. 
This  measuring  was  done  by  means  of  a  micrometer  eye-piece 
and  a  mechanical  stage,  with  a  magnification  of  600  diameters. 

The  following  tabulated  data  give  all  of  these  results,  which 
are  reproduced  in  graphic  form  in  the  diagrams. 
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2LB. 

steel  No.  2.  Carbonised  at  l,650o.  Ist  Qaench 
fh>m  Farnace  at  1.650° ;  2d  Qaencb  at  1,400°. 

No. 

Original. 

iBt  Qaench. 

2d  Quench. 

Brin.    Scle. 

Brin.    Scle.    Brin.    Scle. 

1 
2 
8 
4 

5 
6 
7 
8 
9 
10 

186       

128       

128       

185 

131        

131        

128 

136        

139 

122        

235          41 
229          48 
858           80 
844           78 
319           T2 
388           72 
407           74 
425           71 
470           70 
496           68 

186        36 
205         70 
196         78 
235         85 
226         66 
246         84 
815         85 
292         84 
872         75 
831         80 

2LS. 

Steel  No.  2.  Carbonized  at  1,650^ ;  Quenched 
at  1,400°; 


Original. 

After  Carb. 

Ist  Quench. 

No 

Brin. 

Scle. 

Brin. 

Scle. 

Brin. 

Scle. 

1 

126 

29 

112 

20 

194 

48 

2 

181 

27 

112 

25 

224 

70 

8 

181 

29 

106 

82 

190 

67 

4 

181 

29 

109 

85 

242 

78 

5 

128 

29 

114 

40 

802 

75 

6 

141 

80 

119 

40 

802 

80 

7 

187 

29 

122 

40 

858 

80 

8 

182 

82 

124 

41 

888 

80 

9 

186 

80 

140 

42 

447 

85 

10 

129 

80 

128 

45 

456 

8S 

„(U00 

UJ 

X  ao90 

o 

5   0.080   w  80 

z  «" 

~  aoro 
o 

^  0.060 
I  0.050 

•I  aoio  !o  40 
D  ^ 

u.  a090    £  80 
o  -J 

X  aoao  !^  ao 

S]  0.010 

aooo       0 


2  3  4  5  6 

TIME  OF  CARBOKIZINQ,  IN  HOURS 


2LB.    Steel  Ko.  2  Carbonized  at  1,650^. 
Ist  quench  from  furnace  at  1)650°  (Scler.  hardneas  =  H;  Brin.  hardness  -=  i). 
2d  quench  at  1,400°  (Scler.  hardness  =  J;  Brin.  hardness  =  K). 

JS  0.100      100 


o  0.000 

rn 

00 

z 

UJ 

~  ao80 

Z 
o 

80 

rr 

t5  0.070 

i 

70 

^0.060 

UJ 

0. 

60 

gaoso 

O 

60 

m 

CO 

5  0.040 

^ 

40 

o 

UJ 

u.  0.080 
°  0.020 

-J 
O 

30 
20 

cC  0.010 

10 

UJ 

o  0.000 

0 

2  3  4  5  6 

TIME  OF  CARBONrZlNG,  IN  HOURS 


2LS.    Steel  No.  2  Carbonized  at  1,650°. 
(Scler.   hardness  =  F;  Brin.  hardneas  =  G).      Quenched  at  1,400° 
hardness  =  J;  Brin.  hardness  =  K)., 


(Scler. 
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2LD. 

steel  No.  2.  Carbonised  at  1,650<'.  in  Quench 
at  1.650°;  2d  Quench  at  1,400°. 


No. 

Original. 

let  Quench. 

2d  Quench, 

Brin.    Scle. 

Brin.    Scle. 

Brin.    Scle. 

1 

128       

248          68 

211        68 

2 

180       

271          68 

201         70 

8 

185       

804           78 

188         78 

4 

126       

260           68 

188         70 

5 

185 

844           78 

196         76 

6 

186       

426          78 

218         76 

7 

185       

470           74 

875         78 

8 

186 

520           78 

268         62 

9 

181       

486           75 

251         82 

10 

186       

496          78 

881         80 

2HB. 

Steel  No.  2.   Carbonised  at  1,750°.   Ist  Quench 
fh>m  Furnace  at  1,750° ;  2d  Quench  at  1,400°. 


No. 


Original. 


I 


Brin.    Scle. 


128 
180 
128 
ISO 
128 
190 
I  181 
'  131 
187 
185 


iBt  Quench. 


Brin.    Scle. 


282 
358 
844 
872 
425 
872 
496 
470 
480 
414 


2d  Quench. 


Brin.    Scle. 


205 
218 
185 
248 
285 
SS8 
256 
888 
879 
263 


58 
80 
78 
70 
82 
88 
66 
80 
75 
63 


alio   110 

en  0.100     100 
ui 

o0.090(n90 
z  </> 


500 


aoeo  ^  80    400 


daOTO 

z 


70  ^, 


1^0.000  uj  60  odOO 
z  S        5 

g0.060  8«)  X 
g0.040g40  ^200 
O0.030^80  i 

—  (A  CD 

H  0.020       20      100 
ol 

0  0.010       10 

aooo      0      0 


2  3  4  5  6  7 

TIME  OF  CARBONIZING.  IN  HOURS 


2LD.    Steel  No.  2  Cabbo^zeb  at  1,650**. 
Ist  quench  at  1,650°  (Scler.  hardness  =  H;  Brin.  hardness  =  J).     2d  quench 
at  1,400°  (Scler.  hardness  =  J;  Brin.  hardness  =  K). 


2  3  4  6  6 

TIME  OF  CARBONIZING    iM  HOURS 

2HB.    Steel  No.  2  Cabbonized  at  1,750°. 
1st  quench  from  furnace  at  1,750°  (Scler.  hardness  =  H;  Brin.  hardness  =np^ 


2d  quench  at  1,400°  (Scler.  hardness  =  /;  Brin.  hardness  =  K). 
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2HS. 

steel  No.  2.  Carbonized  at  1.750°. 
Ut  Quench  at  1,400° 


No. 

Original. 

After 

Carb. 

Ut  Quench. 

Brin. 

Scle. 

Bzln. 

Scle. 

Brin. 

Scle. 

1 

133 

80 

106 

82 

248 

72 

2 

135 

81 

106 

40 

218 

60 

8 

128 

32 

110 

40 

279 

80 
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2HD. 

steel  No.  2.  Carbonized  at  1,750°.    Ist  Quench 
ot  1,660°;  2d  Quench  at  1,400°. 
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2HS.    Steibl  No.  2  Cakbonizkd  at  1,750®. 
Scler.   hardness  =  F;  Brin.  hardness  =^  O,      Ist  quench    at    1,400® 
hardness  =  J;  Brin.  hardness  =  K). 
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2HD.    Steel  No.  2  Cabbonized  at  1,750®. 

Ist  quench  at  1,650®  (Scler.  hardness  =  H;  Brin.  hardness  = 

at  1,400®  (Scler.  hardness  =  J;  Brin.  hardness  =  jK").     Digitized  by 
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8LB.  8L8. 

Steel  No.  8.  Carbonized  at  1,G5(P,    1st  Quench  |  Steel  No.  8.  Carbonized  at  l.dSO'^.    Ist  Quench 
from  Furnace  at  1,650° ;   2d  Quench  at  1,825°.  |  at  1,825°. 


Original. 

1st  Quench. 
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8LB. 


Steel  No.  8  Cabbonized  at  1,650®. 

Ist  quench  from  furnace  at  l,d60°  (Scler.  hardness  =  H;  Brin.  hardness  =  I). 
2d  quench  at  1,325®  (Scler.  hardness  =  J;  Brin.  h  irdness  ■=  K). 
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8L8. 


Steel  No.  8  Carbonized  at  1,650®. 

Scler.   hardness  =  F;    Brin.    hardness  =  O.      Quenched   at  1,325®.    (Scler. 
hardness  =  J;  Brin.  hardness  =  K). 

[7] 


Digitized  by 


Google 


1174 


CARBONIZATION    IN    CASE-HARDENBD    STEEL. 


8LD.  8HB. 

Steel  No.  8.  Carbonized  at  1,650°.    Ist  Quench    Steel  No.  8.  Carbonized  at  IJSO^'.   1st  Quench 
at  1^75"* ;  2d  Quench  at  1,825''.  :  from  Furnace  at  1,750° :  2d  Quench  at  1.826°. 


No. 
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l8t  Quench. 
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8LD.    Steel  No.  8  Carbonized  at  1,650°. 
Ist  quench  at  1,575**  (Scler.  hardness  =  H;  Brin.  hardness  =  /).     2d  quench 
at  1,326°  (Scler.  hardness  =  J;  Brin.  hardness  ==  K). 


0.110 

110 

iSaioo 

100 

I- 

INC 

CO  90 
en 

z  0.080 

5!  80 

""" 

9 

C3  0.070 

S  70 

z 

I 

N0.080 

QJ  00 

z 

a. 

Sao5o 

0  50 

0: 

</> 

Saoio 

040 

UJ 

oaoQO 

ciao 

I 

of) 

h-aoK) 

20 

oaoio 

10 

aooo 

0 

500 


1400 


1 

/ 

0 

j__i 

^^ 

/ 

-^ 

/ 

K 

\y 

y 

■ 

— ' 

/ 

?^ 

^ 

I 

H 

-* 

.^ 

<>  \ 

^ 

^ 

0 



— 

J 

I 

==*^ 

y 

^ 

\. 

N 

.^ 

[>* 

r 

J 

/ 

^ 

^ 

y^ 

-^ 

I 

^ 

'K 

/ 

/ 

K 

_^ , 

■^ 

"^ 

y 

\ 

^^ 

^ 

_J 

^ 

7^ 

' 1 

-^ 

H 

-I 

1 — 

p-a^ 

/ 

^ 

y 

^ 

^ 

K 

r 

.^ 

-^ 

g 

j?> 

r^ 

P 

^ 

t> 

/ 

--' 

'^ 

^ 

Uj 

■— 

y^ 

/ 

^ 

■^ 

Oa 

•boo 

Art 

agi 

Bate 

-tba 

uEi 

ttec 

old 

z 

3 

^800 

_i 

^aoo 

cr 

CO 

100 


12  8  4  5  6 

TIME  OF  CARB0Nf2INQ.  IN  HOURS 

8HB.    Steel  No.  8  Carbonized  at  1,750^. 
1st  quench  from  furnace  at  1,750°  (Scler.  hardness  =  H;  Brin.  hardness 
2d  quench  at  1,325°  (Scler.  hardness  =  /;  Brin.  hardness  =  A') 
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8HS. 

Steel  No.  8.    Carbonized  at  1.750°. 
1st  Quench  atl.325o 


No. 


1 
2 
8 
4 
5 
6 
7 
8 
9 
10 


Original. 


Brin.    Sole. 


After  Carb. 


1st  Quench. 


Brin.    Scle.  I  Brin.    Sole. 
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8H0. 

steel  No.  8.   Carbonized  at  1,750°.  1st  Quench, 
at  1,575° ;  2d  Quench  at  1,325°. 


2d  Quench, 
Brin.    Scle. 
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8HS.    Steel  No.  8  Carbonized  at  1,750°. 
(Scler.   hardness  =  F;  Brin.   hardness  =  O).      Quenched  at  1,825°   (Scler. 
hardness  =  J ;  Brin.  hardness  =  K). 
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8HD.    Steel  No.  8  Carbonized  at  1,750°. 
Ist  qaench  at  1,575°  (Scler.  hardness  =  H;  Brin.  hardness  =  /).     2(i  quench 
at  1,325°  (Scler.  hardness  =  //  Brin.  hardness  =  K),  ^  t 
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Discussion  of  Results. 
Allowing  for  a  few  discrepancies,  the  results  show  a  consist- 
ent uniformity  in  demonstrating  certain  tacts.     I  will  discuss 
these  in  detail : 

Original  Scleroscope  and  Brinell  Hardness, 

These  hardnesses  are  designated  by  the  letters  D  and  E  re- 
spectively on  all  the  diagrams.  On  2LB  and  8LB  are  plotted 
the  individual  hardnesses  of  the  original  steel  before  carbonizing. 
It  will  be  noted  that  these  lines  are  practically  horizontal,  for 
which  reason  the  original  hardness  on  the  other  diagrams  waa 
taken  as  the  average  of  all  the  pieces,  and  therefore  the  lines 
are  drawn  horizontally. 

Depth  of  Carbonization. 

This  is  plotted  in  the  three  areas  as  previously  described  and 
printed  on  the  drawings.  The  line  0  denotes  the  maximum 
depth  of  carbonization.  Under  like  conditions  of  carbonization, 
the  rate  of  penetration  in  the  carbon-steel  was  1.07  times  the 
rate  in  the  nickel-steel  at  the  low  (1,650°)  temperature.  At  the 
high  temperature  (1,750°)  this  rate  for  the  carbon  was  1.15  times 
that  for  nickel. 

These  carbonization-depth  curves  show  the  characteristic  flat- 
tening out  and  subsequent  rise  after  the  initial  period  of  car- 
bonization. 

The  average  rate  of  penetration  of  the  carbon-steel  at  the 
high  temperature  was  1.48  times  the  rate  at  the  low  tempera- 
ture, while  for  the  nickel-steel  the  figure  was  1.41,  showing  the 
tremendous  influence  of  temperature. 

Hardness  after  Carbonizing  and  before  Quenching, 
See  2HS,  2LS,  8HS  and  8LS.  The  most  apparent  fact  which 
we  note  here,  is  the  higher  scleroscope  reading  after  carboniz- 
ing compared  with  the  reading  before  carbonizing,  while  the 
corresponding  Brinell  readings  are  but  slightly  higher  in  grade 
No.  8  and  even  lower  in  grade  No.  2.  This  may  be  readily  ex- 
plained. The  scleroscope  method,  being  influenced  largely  by 
the  surface-conditions,  here  measures  the  increased  hardness 
due  to  the  higher  carbon.  It  will  be  noted  that  there  is  a  sharp 
rise  in  this  curve  at  the  beginning  until  the  surface-carbonization 
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is  greater  than  0.90  per  cent,  and  from  here  on  the  increase  in 
hardness  is  more  gradual.  The  Brinell  hardness,  being  more 
a  function  of  the  core  than  of  the  surface,  is  actually  made  less 
for  the  lower  depths  of  carbon,  due  to  the  soft  annealing  pro- 
duced by  the  slow  cooling  in  the  carbonizing-boxes.  However, 
as  the  depth  of  carbonization  increases,  this  Brinell  reading  is 
more  and  more  influenced  by  it  and  less  by  the  conditions  of 
the  core.  A  careful  consideration  of  the  facts  thus  brought  out 
will  show  that  the  No.  8  steel  was  better  annealed  originally 
than  No.  2. 

Hardness  after  Qumching  from  Curbonizing-Box. 

See  2HB,  2LB,  8HB,  8LB.  The  scleroscope  readings  show  a 
gradual  decrease  in  hard  >ss  with  increased  depth  in  carbon, 
after  the  first  hour  of  carbonization.  For  both  grades  the  steel 
carbonized  at  the  higher  temperature  shows  the  greater  de- 
crease in  hardness  with  increasing  depth  of  case;  and  No.  8, 
for  the  same  temperature  of  carbonization,  shows  a  lower  hard- 
ness than  No.  2.  The  explanation  is,  that,  with  increasing 
depths  of  carbonization  the  percentage  of  carbon  in  the  surface 
becomes  higher ;  in  quenching  from  this  high  temperature  the 
austenite-forming  tendencies  increase  with  increasing  depth ; 
and  the  higher  the  percentage  of  austenite,  the  lower  the  hard- 
ness. For  the  same  steel,  the  higher  temperature  of  carboniz- 
ation produces  more  cementite  and  consequently  austenite ;  and 
likewise,  at  the  same  temperature,  the  carbon-steel  produces 
more  cementite  than  the  nickel-steel.  This  explanation  can 
be  verified  by  comparing  the  scleroscope  hardnesses  with  those 
produced  when  the  steel  is  quenched  at  a  lower  temperature 
and  the  excess  of  cementite  is  allowed  to  remain  out  of  solution. 

Let  us  now  note  the  Brinell  hardnesses  corresponding  to  the 
above  scleroscope  hardnesses.  These  show  some  slight  irregu- 
larities, undoubtedly  due  to  differences  in  cooling-rate  caused 
by  mechanical  difficulties  of  quenching  from  the  large  carbon- 
izing-boxes. However,  the  curves  shgw  an  increase  in  hard- 
ness from  4  to  6  hr.  and  then  the  hardness  becomes  practically 
stationary.  This  is  in  direct  contrast  to  the  scleroscope  hard- 
ness. The  probabilities  are  that  these  Brinell  readings  would 
have  begun  to  decrease  if  longer  length  of  time  had  been  used. 
This  is  actually  shown  in  2HB  and  8HB.     The  explanation  of 

[11] 

Digitized  by  VjOOQ IC 


1178  CARBONIZATION   IN   OASE-HARDBNBD   8TSEL. 

this  Brinell  hardneBS  is,  that  the  influence  of  the  core  decreases 
while  the  influence  of  the  case  increases  as  the  depth  of  the 
carbon  becomes  greater ;  therefore,  as  soon  as  the  depth  be- 
comes great  enough  to  cause  the  core«influence  to  be  neglig- 
ible, the  hardness  ceases  to  rise  and  then  decreases,  for  the  same 
reason  as  explained  in  the  discussion  of  the  scleroscope  read- 
ings. 

Hardness  after  First  Quench  on  Double-Quenched  Specimens. 

See  2LD|  2HD,  8LD,  8HD.  The  scleroscope  readings  after 
this  quench  are  practically  horizontal.  The  gradual  reduction 
in  hardness  shown  in  the  higher  quench  from  the  box  is  absent 
It  will  be  noted  that  this  hardness  is  considerably  higher  than 
that  obtained  upon  quenching  direct  from  the  box,  by  reason  of 
the  weaker  austenite-forming  tendencies.  The  Brinell  hard- 
ness shows  the  same  increase  as  for  those  quenched  from  the 
box,  and  also  the  tendency  to  begin  dropping  towards  the  end. 
The  actual  Brinell  hardness  is  also  about  the  same  as  that  ob- 
tained when  quenching  from  the  box. 

Hardness  after  Second  Quench. 
See  2LD,  2HD,  8LD,  8HD.  We  will  now  discuss  those  cooled 
in  the  box  and  then  receiving  a  double  quench.  Let  us  first 
consider  what  we  should  expect  from  a  theoretical  standpoint. 
For  surfaces  of  less  than  0.90  per  cent  of  carbon,  we  should 
expect  a  lower  hardness  than  when  quenched  from  a  higher 
temperature,  by  reason  of  the  fact  that  an  excess  of  ferrite  is 
now  present.  In  proportion  as  a  higher  percentage  of  carbon 
than  0.90  is  obtained,  we  should  expect  a  harder  surface,  due  to 
the  fact  that  we  have  allowed  an  excess  of  cementite  to  appear. 
A  critical  study  of  the  curves  indicates  that  this  is  the  tendency, 
although  the  difference  is  slight.  Now,  considering  the  Brinell 
hardness  after  the  second  quench,  we  here  note  a  very  re- 
markable dropping  off  in  hardness.  The  hardness  at  the  lower 
depths  of  carbonization  is  approaching  the  original  hardness, 
and  with  increasing  depth  of  carbon  it  shows  a  decided  increase. 
This  is  due  to  the  fact  that  at  the  low  temperature  of  quench- 
ing the  core  is  no  longer  in  the  martensitic  condition  and  there- 
fore does  not  resist  the  penetration  of  the  Brinell  ball ;  but  as 
the  depth  of  carbon  increases  the  core  exerts  less  and  less  influ- 
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ence^  and  the  case  exerts  more,  with  a  consequent  rise  in  the 
hardness.  It  will  be  noted  that  the  hardness  does  not  reach 
the  hardness  of  the  first  quench  except  for  the  higher  heats  of 
carbonization.  It  is  interesting  to  note  that  we  have  here 
all  the  data  necessary  for  a  determination  of  the  depth  of  car- 
bonization at  which  the  condition  of  the  core  ceases  to  have 
any  influence  upon  the  Brinell  hardness.  This  is  approxi- 
mately at  the  point  where  the  Brinell  reading  on  the  second 
quench  is  the  same  as  that  on  the  first  quench.  This  is  about 
0.11  in.  deep. 

The  hardness  on  the  second  quench  of  the  steel  quenched 
from  the  box  is  similar  to  that  of  the  second  quench  of  the 
tests  just  considered. 

Hardness  after  a  Single  Low  Heat. 

See  2LS,  2HS,  8LS,  8HS.  The  scleroscope  line  here  exhibits 
the  same  characteristics  as  previously  explained  for  low  heats, 
except  for  some  irregularities  caused  by  the  fact  that  the 
cementite  here  occurs  in  large  masses  rather  than  in  dissemi- 
nated grains.  The  Brinell  line  is  also  similar  to  that  obtained 
on  the  second  quench  of  the  double  heat,  with  the  exception 
that  on  the  low  heats  of  carbonization  it  rises  faster  and  to  a 
greater  figure  than  on  the  double  quench.  This  is  undoubt- 
edly an  influence  of  the  core,  although  it  is  hard  to  explain  un- 
less it  is  caused  by  the  difference  in  the  condition  of  dissemin- 
ation of  the  ferrite  and  martensite  in  the  two  cases. 

The  knowledge  gained  by  the  above  research-work  has 
formed  the  basis  of  a  system  of  testing  carbonized  parts  for 
depth  of  carbonization  and  efficiency  of  the  heat-treatment. 
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WE  offer  you  for  sale  £i  *iet  of  cores,  from  your  mine  or  mineral 
property — -taken  with  a  SiillivAi]  Diamond  Drt]]^  and  forming  a 
reliable  record  of  your  ore  depo&iL 

Those  cores  are  .=5tiU  in  the  ground.  Wc  want  to  take  them  out  for 
you.  We  are  drilhnjtr  contractors  ;  ihe  largest,  oldest  and  most  re- 
sourceful firm  tjf  boring  engineers  in  business. 

Sullivan  contract  drilhng  service  is  the  best  for  you  to  use,  because 
Sullivan  Diamond  Drills  are  the  inost  modern  and  reliable  :  because 
Sullivan  drill  operators  are  men  of  experience  and  responslbilitv,  and 
because  we  select  both  drills  and  men  for  your  work  with  especial 
reference  to  your  formation  and  conditions.     In  fact, — 

You  Save  The  Cores — We  Do  The  Rest 


r^' 


Aik  for  our  pricoi 


Catalogue  ?     No.  &SB 


Air  Compressors 
Rock  DrilU 


Hoists 


Hammer  DrilU 
Coal  Cutters 
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W.  &  L.  a  QURLEY 

TROY,  N.  Y. 

LARGEST    MANUFACTURERS    IN    AMERICA 

OF 

Field  Instruments  for  Mining  and  Civil  Engineers 


Also  makers  off  ACCURATE  THERMOMETERS 

PHYSICAL  AND  SCIENTIFIC  LABORATORY  APPARATUS 
STANDARD  WEIGHTS  AND  MEASURES 

BRANCH  FACTORY,  No.  3x5  MARITIME  BUILDING.  SEATTLE.  WASH. 
Send  for  Qurley's  Manual 
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Tw*nty-On«  Of  These 

*'PE"   Electric  Driven 

ConnpreB9ors  On 

Subway  Work 

In  New  York 


Do  You  Wonder 

Why  is  it  that  the  contractors  on  the  greatest  engineering 
jobs  in  the  country. have  found  it  to  their  advantage  to 
use  IngersoU-Rand  Compressors? 

Here  are  a  few  examples  chosen  at  random — Pennsylvania 
R.  R.  North  and  East  River  Tunnels,  and  Cross-town 
Tunnels,  in  New  York  City — the  New  York  Subways — 
the  Catskill  Aqueduct— the  Hudson  River  Tunnels — 
the  Belmont  Tunnels — the  Lookout  Mountain  Tunnels 
— the  Pennsylvania  R.  R.  Cut-off  in  Pennsylvania — the 
New  York  State  Barge  Canal. 

It  is  but  a  fair  inference  that  these  experienced  contractors 
selected,  for  their  equipment,  the  compressors  which 
they  knew  to  be  the  most  reliable  and  the  most  eco- 
nomical. 

Are  you  profiting  by  their  experience? 

INCERSOLL-RAND  CO. 

NEW  YORK  LONDON 

OfHoes  in  Aii  Prinoipai  Cities  of  the  World 
Compressors    Rocli  Drills    Core  Drills    Stoping  Drills    Eiectric-Air  Drills 

17-0 
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Screen  Plates  and  Sheets 

For  sizing  Ores,  Coal,  Stone,  Clay,  Crushed 
and  Ground  Minerals,  and  other  Products. 


Chilian,    Huntington, 
other    Crushing    and 


fl  Screens    for    Stamp    Mills, 
Evans-Waddell,    Bryan,    and 
Grinding  Mills. 

fl  Perforated  Steel  Jackets  for  Trommels  and  various 
types  of  revolving  screens. 

fl  Perforated  Steel  for  Jigs,  Separators  and  Shaking 
Screens,  Chutes,  and  all  kinds  of  fixed  or  movable 
screening  apparatus  used  in  Mines,  Quarries,  Mills, 
Concentrators  and  Smelters,  Breakers,  and  in  all  works 
where  Ores,  Coal,  Rock,  etc.  are  graded  and  classified. 

^HE  product  of  this  company  is  known  everywhere  for  its 
*  exactness  to  detail  of  size,  thickness  and  dimensions — its 
precision,  quality  and  service,  are  by-words  among  those  who 
know — while  promptness,  fair  price  and  the  square  deal,  is 
their  definite  policy. 

Their  first  desire  is  to  supply  the  3«/  screens  that  can  be 
made  and  come  as  near  as  possible  to  meeting  your  wants. 

The  Harrington  &  King  Perforating  Co. 


621  N<Mrth  Union  Street 


CHICAGO,  ILL. 


New  York  Office:  1 14  Uberty  Street 
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THE  SLOOAK  OF  THE  CAMEROM—" CHARACTER :   THE  ORAHDEST  THIMO" 

NOTE  THE  SIMPLICITY  OF  THE 

CAMERON   PUMP 


The  efficiency  of  the  Cameron  Pump  is  firmly  based  on  a 
foundation  of  correct  design. 

The  more  you  know  about  pumps,  the  more  will  the  simplicity 
of  the  Cameron  Pump  appeal  to  you.  You  appreciate  the  im- 
portance of  simplicity  in  any  machine — how  the  minimum  number 
of  parts  makes  for  smooth,  easy  operation,  increases  the  capa- 
city, and  decreases  repairs  and  the  consumption  of  power.  The 
Cameron  Pump  has  fewer  working  parts  than  any  other  steam 
pump,  and  these  few  parts  can  be  made  stouter  and  stronger. 

Where  the  service  is  severe  and  the  conditions  exacting,  it  will 
pay  you  to  choose  a  CAMERON.  There  are  over  60,000  in 
satisfactory  use  the  world  over. 

IlSrTERESTED  PUMP  USERS  MAY  HAVE  A  CX)PY 
OF    CX)MPLETE    CATALOG    No.   5    ON    REQUEST 

A.  S.  Cameron  Steam  Pump  Works 

11  Broadway,  New  York 
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The  above  cut  illustrates  one  of  Four  Electric  Hoists  furnished  the  El  Ore 
Mining  &  Railway  Co.,  of  El  Oro,  Mexico.  The  Witherbee-Sherman 
Company,  of  Mineville»  N.  Y. ;  The  Ray  Consolidated  Copper  Com- 
pany, and  many  others  are  using  similar  Hoists  of  our  make. 


W-S-M  Electric  Hoists 

AND 

W-S-M  Corliss  Steam  Hoists 


Are  the  Standard  for  many  of  the  largest 
Mining  Companies  of  the  United  States 
and  Mexico  and  many  foreign  countries 


Our  Booklet — **  Hoisting  Machinery — Steam  and  Electric,'* 
tells  how  it  is  possible  for  Wellman-Seaver-Morgan  to  give 
you  **  exactly  the  hoist  you  need."  It  is  free — why  not  send 
for  a  copy? 

The  Wellman-Seaver-Morgan  Company 

GENERAL  OFFICES :  CLEVELAND,  OHIO,  U.  S.  A. 

BRANCH  OFFICES: 

NEW  YORK,  Hudfon  TermliMl  DENVER,  611  ideal  Bulidlnff 

MEXICO,  D.  F.,  Apartado  1220—14  a  de  Querrero  3326 
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THE  C.  O.  BARTLETT  &  SNOW  CO. 

CLEVELAND,  O.,  U.  S.  A 

Manufacturers  of  Machinery  for  Coal  Handling 
from  Mine  to  Power  House  by  the  Best  Methods 


NEW  YORK  OFFICE 
SO  Church  St. 


CANADIAN  OFFICE 
Jacobs  Bldg.,  Montreal 


Google 
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The 
Ssif  ety  Mine  Car  Cager 

These  Machines  are  Time  Savers  and  Money  Savers. 
Quick — Safe— Reliable.  Labor-saving  caging  service 
rtieans  increased  profits*  and  contented  men. 


\  i  \   k 

"'"■H\ 

Cftf  p  «p.    Front  Horiu  closed  Cft?e  at  rest  on  bottoni.    Front  Horns  open 

10iriiat  a  Purcliader  says: 

SUPERIOR  COAL  CO. 

Gillespie.  I1L,  December  13, 1911. 
We  have  befen  using  vour  caging  device  for  several  months  at  our  mines  2  and 
3  and  have  one  ordered  for  No.  1.  At  mine  No.  3  we  have  caged  as  high  as  4218 
tons  In  eight  hours.  Five  men  are  handling  the  coal  from  ike  motor  to  the  cage  where 
noe  formerly  had  nine.  These  machines  are  giving  entire  satisfietction,  and  I  can- 
not recommend  them  too  highly.  We  eoiUd  not  afford  to  do  awayiffith  thete  ma- 
chines at  any  price,  for  they  not  only  reduce  the  cost  of  handling  the  coal  on  the 
botton^  but  they  increase  the  hoisting  capacity  and  do  away  with  getting  cars 
into  the  sump  entirely.  jq^^  p  rkeSE, 

General  Superintendent. 

These  Machines  are  very  Strongly  Constructed  and 
meet  all  mine  conditions,  Shaft,  Slope  or  Gravity  opera- 
tions.    Accidents  are  practically  impossible. 

Booklets,  Measurement  Blanks  and  Prices  on  Request 

Sole  Sales  Agrent 
EDGAR  C.  BANTA,  412  Fairbanks  Bldg^  Springfield,  O. 

THE  MINING  Safety  Device  Company 

BOVERSTON,   OHIO 
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Weston  Ammeters  &  Voltmeters 

FOR  A,  C.  MINING  SERVICE 

These  instmments  are  of  the  same  standard  quality  and  possess 
the  same  features  of  durability  and  workmanship  as  the  well- 
known  Weston  standard  D.  C.  instruments.  They  are  so  few 
in  price  as  to  be  within  the  reach  of  all  users  of  electrical 
measuring  instruments. 

Weston  A.  C.  instruments  are — 

Dead  Beat 

Extremely  Sensitive 

Practically  Indqiendent  of 

Wave  Form  and  Temperature 

Error,  and  require  very  Little 

Power  to  operate 


EcMpse  Swltchboafd 
D*  Clnstraineiit 


FOR  D.  C.  CIRCUITS  OF  SMALL        SwftdiBoard  A.C 
MINE  PLANTS  loftrumeat 

Weston  Eclipse  Ammeters,  Miluammeters 
AND  Voltmeters 

are  wdl  suited.  They  are  of  the  **  soft-iron  "  or  Electro- 
magnetic tjrpe,  renoarkably  accurate,  wdl  made,  nicdy 
finished^  and  especially  low  in  price.  Weston  EcBpse  in- 
struments are  far  in  advance  of  all  preceding  forms  of  the 
sofl-iron  tsrpes. 

Write  for  catalogue  and  information. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  n ewark,  n.  J.,  u.  s.  A. 

New  York  Office  :  114  Liberty  Street. 

London  Branch  :  Audrey  House,  Ely  Place,  Holbom. 

Pario,  Franco  :  E.  H.  Cadiot,  12  Rue  St.  Georges. 

Borlin  :  European  Weston  Instrument  Co.,  Ltd.,  Schoneberg,  Genest  Str.y  5* 


(9) 


Digitized  by 


Google 


Advertisements. 


ISBELL  UNIVERSAL 
CONCENTRATOR 

NO  SIZING  NO  CLASSIFICATION 

Something  new,  but  not  an  experiment,  for  saving 
slime.  Taking  feed  direct  from  20  mesh  or  finer 
screen  or  regrinding  mill.  Handling  50  to  100  tons 
of  ore  per  day.  Saving  mineral  that  will  pass  200 
mesh  or  finer.  Producing  clean  concentrate  and 
tailing.  The  quantity  of  middling  produced  from 
two  tables  can  be  cleaned  on  one  cross  wash-water 
type  of  table  or  recrushed  and  returned  to  table  for 
further  saving. 

The  cross-wash  water  rifBe  type  of  table  has  served 
its  purpose  for  the  past  twelve  or  fifteen  years,  but 
has  been  inefficient  compared  with  the  improve- 
ments in  other  machinery  for  the  dressing  of  ores. 
It  has  remained  for  Mr.  J.  F.  Isbell,  inventor  of  the 
Isbell  Vanner,  to  perfect  a  machine  that  saves  the 
slime  along  with  the  process  of  concentration  with- 
out other  or  additional  treatment ;  at  the  same  time 
saving  freight  charges,  cost  of  installation,  mill 
space,  labor,  power,  water,  repairs,  the  price  of  at 
least  two  cross-wash  water  type  of  tables,  and  a 
greater  saving  of  mineral  values.  In  other  words, 
saving  the  slime,  producing  clean  concentrate,  and 
doing  the  work  of  from  four  to  six  cross-wash  water 
riffle  type  of  tables  and  that  many  additional  vanners. 

WRITE  us  FOR  FURTHER  INFORMATION. 

Isbell  Mining  Machinery  Co. 

Suite  306,  No.  313  W.  Third  St 
LOS  ANGELES,  CAL.,  U.  S.  A. 
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Wires  and  Gables 

We  manufacture  wire  from  copper,  iron, 
steel,  bronze  and  brass,  and  will  supply  in  any 
quantity  Trolley  Wire,  Telegraph  Wire,  Arma- 
ture Banding  Wire,  and  wire  for  other  purposes 
in  round,  square,  flat  and  special  sections. 

The  products  of  our  insulated  wire  depart- 
ment include  Weatherproof  Wire,  Annunciator 
Wire,  Rubber  Covered  Wire,  Magnet  Wire,  Lamp 
Cord  and  all  other  Electrical  Wires. 

We  make  with  strict  attention  to  quality  of 
materials  and  workmanship  Aerial  and  Under- 
ground Telephone  and  Power  Cables,  Switch- 
board Cables,  Elevator  Cables  and  Double  Gal- 
vanized High  Strength  Wire  Strand. 

John  A.  Eoeblingfs  Sons  Company 

TSEXTON,   N.  J. 


Agencies  and  Branches: 

HEW  TOSK  PHILADELFHIA  CHICAOO  CLEVELAVI) 

PITT8BTJBGH  ATLANTA  (Warehouie  Savannah) 

BAN  F&AHCIBCO  LOS  AHGELES 

SEATTLE  POBTLAVD,  Ore. 
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GOODRICH 

G>nveyor  Belts 

''Best  in  the  {.ong  Run'' 

[  UST  as  Goodrich  Tires  have 
a  world-wide  fame  for  being 
the  **best  in  the  long  run"  so  also  have 
the  Goodrich  Conveyor  Belts  estab- 
lished their  claim  to  the  use  of  this  appropriate  motto. 
Goodrich  Conveyor  Belts  run  the  longest. 
This  means  longest  life.  Isn't  that  what  you  want? 
Try  our  '^Longlife"  Brand  for  your  next  belt. 
"Best  in  the  long  run"— **LONG-LIFE" 

The  B.  F.  Goodrich  Company 


Largest  in  the  world 


AKRON,  OHIO 


CHROME  STEEL  WORKS 

CHROME.  N.J..U.S.A. 


A  Tempered  Steel  Jaw  Plate 
for  Blake  Type  Crushers 

The"Adamantine"Tem- 
pered  Steel  Jaw  Plate  for 
Blake  Crushers  is  com- 
posed of  Forged  and 
Rolled  Chrome  Steel 
Bars,  cast  welded  and 
also  mechanically  in- 
^'Adamantine  -  Tempered  Steel  Jaw  Plate       terlocked  into  a  backing 

of  tough  steel — and  the  wearing  face  is  tempered  to  extreme 
hardness.  This  plate  will  give  longer  service  and  prove  more 
economical  than  any  other  make  of  crusher  plate  now  on  the 
market.  We  are  equipped  to  supply  these  plates  for  all  the 
different  sizes  and  makes  of  Blake  Crushers. 

Send  for  Descriptive  Pamphlet. 

i?«nrA«»ntA^  h.xr  •  i  J'  ^'  Spellmaii,  First  Nafl  Bank  Bldg..  Denver.  Ool. 
Represented  by .  |q  ^  Uyen,  Kohl  Bldg.,  San  Franco,  Cal. 
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First  Motion  Winding  Engines 

EQUIPPED  WITH 

Nicholson   Device  for  Prevention  of  Overwinding. 

Send  for  new  catalog — just  from  the  preM. 

Vulcan  Iron  Works  -  -  Wakes-Barre,  Pa. 


BUCKEYE  STEAm  ENGINES 

Reliability  is  a  feature  which  has  made  them  favorites  in 
the  mining^  world.  The  simplicity  of  design  and  ease  with 
which  they  are  operated  in  either  direct  connected  or  belted 
service,  render  them  paying  investments. 


When  in  need  of  power  write  us. 


Horse  Powers  from  50  up. 


BUCKEYE  ENGINE  CO.,  salem,  ohio 


STEAM 


GAS 
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NEW  ALPHABETICAL  AND  ANALYTICAL 

INDEX 

VOLUMES  XXXVI  to  XL— 1906  to  1909 

TO  THE  TRANSACTIONS  OF  THE  AMERICAN 
INSTITUTE  OF  MINING  ENGINEERS. 

186   pag»s,  6   by  9  inohas. 

Bound  In  cloth, $1.60 

Bound  in  haif-morooco, $2.60 

This  work,  containing  in  rearranged  and  condensed  form  the  indexes  of 
the  TransaetionSf  Volames  XXXVI  to  XL  inclusive,  is  of  special  valae  in 
that  it  supplements  the  Qeneral  Alphabetical  and  Analytical  Index  of 
Volumes  I  to  XXXV,  and,  bj  giving  all  of  the  new  material  contained  in 
the  technical  and  professional  papers  which  have  been  contributed  to  the 
Institute  during  the  past  five  jears,  brings  the  index  of  all  the  volumes  so 
far  published  fully  up  to  date  of  the  last  issue,  June,  1910.  An  improve- 
ment has  been  made  in  the  new  arrangement  of  the  material  under  group- 
headings,  which,  by  presenting  the  references  in  tabular  form,  will  enable 
the  reader  to  find  a  given  item  more  readily  than  in  the  former  compact 
arrangement 

ALPHABETICAL  AND  ANALYTICAL 

INDEX 

VOLUMES  I  to  XXXV— 1871  to  1904 

TO  THE  TRANSACTIONS  OF  THE  AMERICAN  INS. 
TITUTE  OF  MINING  ENGINEERS. 

706  pagasi  6  by  9  inchaa. 

Bound  In  oloth, $6.00 

Bound  in  haif-morooco, $6.00 

Taken  together  these  two  indexes  furnish  in  convenient  form  for  ready 
reference  everything  of  importance  contained  in  the  TranmctUmSf  and  give 
to  both  member  and  non-member,  whether  possessing  a  set  of  the  TnuMoctiona 
or  not,  the  means  of  ascertaining  at  a  minimum  expenditure  of  time  and 
trouble  the  exact  contents  of  the  volumes  on  any  given  subject  of  special 
interest. 

Sent,  prepaid,  on  receipt  of  price  by 

The  American  Institute  of  Mining  Engineers, 

29  West  39th  Street,  New  York. 
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STURTEVKNT 


RING-ROLL   ORE    PULVERIZER 


FOR   DRY  GRINDING 


OUTPUT 


f  6  TO  10  TONS  PER  HOUR  TO  40  MC8H  ) 
•<   6     ••     6         ••  ••  ••     80  \ 

I  2     ••     4         ••  • 100        ••        ) 


36  TO  46 
HOR8C  POWER 


Send  for  Catalogue 

STURTEVANT  MILL  CO.,  BOSTON,  MASS. 


The  Roessler  &  Hasslacher 
Chemical  Company 


Work* 
PERTH  AMBOY,  NEW  JERSEY 


100  William  Street 
NEW  YORK 


-^Ge  t^^ 


Cyanide  98-99% 

(Old  standard)  39%  Cyanogen* 

Cyanide  of  Sodium  iis-isofc 

(New  standard)  52%  Cyanogen* 


Guu^le 
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Mining  Transits  and  Levels 

The  "Baff*'  is  the  umplest  instrument  to 
take  apart  in  the  field — for  lubricating 
centers  or  cleaning. 

Send  for  Catalog  No.  33 

BUFF  &  BUFF  MFG.  COMPANY 

Jamaica  Plain  Station,  MASS. 


If  you  want  the  BEST  Rock  Drill 
Steel  you  must  get  "BULLDOG" 

HOLLOW  and  SOLID 


RCOWTCfieO  TRADE    MARK 


International  High  Speed  Steel  Company 

No.  478  Pearl  Street,  New  York 


ACCURACY  IN  MEASUREMENTS 

is  best  obtained  through  the  use  of 

MEASURING  TAPES 

^  The  more  severe  the  test,  the  better  their  showing. 
For  sale  by  all  dealers.    Send  for  Catalogue. 

mE/UFKFMPl/L£nO^ 


SAOIHAW.  MICH..  U.  S.  A. 

LONDON,  ENQ.  WINDSOII.  CAN. 


CONVEYOR  BELTING 

YOU    WILL  OCT   LONG,    HARD   SCIIVICC   OUT  OF  OUR    BCLTINQ,    BECAUSE 
WE    PUT  SO    MUCH    QUALITY    INTO    IT. 

RIDQWAY'S    HINGE    EDGE    BELT    FOR   TROUGH    CONVEYING   IS   MAD<    BY 
VU    EXCLUSIVELY. 

WE     ALBO     MAKE     BELTING     FOR     BUCKET     CONVEYORS.    AND     REGULAR 
STYLES   OF  CONVEYOR    BELTING. 

Write  for  descriptive  matter,  prices,  etc. 

QUAKER    CITY    RUBBER    COMPANY 

Philadelphia         Chicago  Pittsburgh  New  York 
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BEER,  SONDHEIMER  &  CO. 

Frankfort-on-Main,  Germany 

NEW   YORK   OFFICE       -        -       42  BROADWAY 

Zinc  Ores,  Carbonates,  Sulphides  and  Mixed  Ores,  Copper  Ores, 
Copper  Matte,  Copper  Bullion,  Lead  Bullion,  Lead  Ores,  Antimony 
Ores,  Iron  and  Manganese  Ores,  Copper,  Spelter,  Antimony,  Anti- 
monial  Lead,  Sulphate  of  Copper,  Arsenic,  Zinc  Dust. 

Own  Smeitingr  and  Refining:  Works 


L  VOGELSTEIN  &  CO. 

42  Broadway  NEW  YORK 

BUYERS,  SMELTERS 
AND  REHNERS  OF 

Oves  and  Metals  of  All  Glasses 

Agents  for: 
Aron  Hirsch  ft  Sohn,  Halberatadt,  Qermany. 

United  States  Metals  Reflnine  Co^  Chrome,  N.  J.  and  Orasselli,  Ind. 
American  Zinc,  Lead  ft  Smeltinc  Co.,  Caney  and  Dearing,  Kansas. 
Kansas  Ziac  Co.,  La  Harpe,  Kansas. 
The  Blectrolytic  Refining  ft  Smelting  Co.  of  Australia,  Ltd.,  Port  Kembla,  N.  8.  W. 


<^m\  Chicago-Rawhide 

■';.;^°W?  Pinions 

^  J  The  beat  that  selected  materiel  and  careful 

^tiiii^iirirz^^nlaA^  workmanship  can  produce 

The  Chicago  Rawhide  Mfg.  Co. 

1301  EUton  Avenue  CHICAGO,  ILL. 

A  Durable  Metal  Ooating  for  all  Metallic  Sarfaces 

SEMPLE'S  BLACK  OXIDE  PAINT 
LASTS  FROM  6  TO  10  YEARS 

Air,  acid  and  water  proof.  Sulphur  water  does  not  feaze  it.  Kills  rust 
already  formed  and  prevents  rust  formation.  Dries  readily  when  applied 
to  dry  or  wet  surfaces  and  will  not  run  when  surface  is  frosty.  Bakes 
fast  to  hot  stacks. 

PRICE  $1.00  PER  GALLON. 

Manufactured  by 

Established  1870.  F*  G«  SEIMPLE,  South  Bethlehem,  Pa. 
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MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALLIS-CHALMERS  COMPANY 

Mllw«uk««,  Wlseenslii. 

MINING  MACHINERY  of  Every  Type.    Complete 
Power  end  Electrical  Eqaipmente. 


ANSON  G.  BEHS 

NEW 

Troy,  N.Y. 

Electrolytic    Lead    Refining;      Zinc    Recovery   from 

PROCESSES 

Complex  Ores;      Laboratories   for  Metallurgical  Re- 

, 

search. 

BUCKEYE 

STEAM 
ENGINES 


BUCKEYE  ENGINE  CO. 

Salem,  Ohl«. 

Buckeye  Engines  are  reliable  because  of  the  simplicity 
of  design  and  ease  with  which  they  are  operated  in 
either  connected  or  belted  service.  When  in  need  of 
power  write  us. 


PUMPS 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  New  York. 

CAMERON  VERTICAL  PLUNGER  SINKING 
PUMPS,  for  shaft  sinking.  CAMERON  HORIZON- 
TAL PLUNGER  STATION  PUMPS,  for  handling 
gritty  water. 


AIR 

COMPRESSORS 

PNEUMATIC 

TOOLS  AND 

APPLIANCES 


CHICAGO  PNEUMATIC  TOOL  CO. 


Chloago. 


New  York. 


London. 

AIR  COMPRESSORS,  ROCK  DRILLS,  HAMMER 
DRILLS,  PNEUMATIC  HAMMERS,  ELECTRIC 
and  PNEUMATIC  DRILLS  and  APPLIANCES. 


MECHANICAL 

LEATHER 
SPECIALTIES 


THE  CHICAGO  RAWHIDE  MFG.  CO. 

1301   Elaton  Avo.,  Chloago,  III. 
BELTING,  Lace   Leather,  Rawhide  Rope,  Rawhide 
Mallets  and  Hammers,  Hydraulic  Packing^. 
WE    ORIGINATED    THE    RAWHIDE    PINION. 
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CHROME  STEEL  WORKS 

Chrem»,  N.J. 

SHOES 

Adamantine  Chrome   Steel    SHOES   and    DIBS   for 

AND 

Stamp   MiUs.     CANDA    SELF-LOCKINQ    CAMS; 

TAPPBTS;  BOSSHBADS;  CAMSHAFTS;  STAMP 

DIES 

STBMS. 

THE  DEANE  STEAM  PUMP  CO. 

116  Broadway,  Now  York. 
Works:  Holyoka,  Maas. 

POWER    PUMPINQ     MACHINERY,    GENERAL 
SERVICE  STEAM  PUMPS. 

POWCR  PUMPS 
8TCAM    PUMPS 
CONDENSERS 

THE  DENVER  FIRE  CLAY  CO. 

Danvor,  Colo.  Salt  Lako  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIFIBRS,  Muffles,  Fire  Brick, .  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  Cata- 
logue. 


ASSAYERS 

AND 
CHEMISTS 
SUPPLIES 


DENVER  ROCK  DRILL  &  MACHINERY  CO. 

ROCK  DRILLS 

Donvor,  Colo. 

AIR 

PUMPING     MACHINERY,    BOILERS    and    EN- 

COMPRESSORS 

GINES,  GASOLINE  ENGINES,  MINING  MACHI- 

HOISTS 

NERY,  COMPLETE  POWER  PLANTS. 

ETC. 

GENERAL  ELECTRIC  CO. 

Sohonootady,  N.  Y. 

ELECTRIC  MINE  LOCOMOTIVES.     ELECTRIC 
MOTORS  for  Operating  Mining  Machinery. 


ELECTRIC 

MINE 

LOCOMOTIVEI 


GOODMAN  MANUFACTURING  CO. 

Chloago,  Illinois. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


ELECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 
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THE  B.  F.  GOODRICH  CO. 

Akp»ii,  Ohia. 

Goodrich  "Longlife"  "Economy"  ft  **Grainbelt"  CON- 
VEYOR BELTS  will  handle  more  tons  per  dollar  of 
cost  than  any  other  belts  made. 


PERFORATED 
METALS 


HARRINGTON  &  KING  PERFORATING  CO. 

621  North  Union  St.,  Now  York  Offlco : 

Chicago,  iii.,  U.  S.  A.  114  Liborty  St. 

Manufacturers  of  Perforated  Metal  Mining^  Screens  of 
every  description,  and  for  screens  of  all  kinds. 

See  advertisement  on  pag^e  4. 


SPELTER 

SHEET  ZiNC 

SULPHURIC 
ACID 


ILLINOIS  ZINC  CO. 

P«PU,    ill. 

Manu£scturers  of   SPELTER,    SHEET   ZINC 
SULPHURIC  ACID. 


COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway.  Now  York. 
"Return-Air"  Pmmps,  Coal  Shearers,  Pneumatic  Hoists, 
"Electric-Air"  Drills,  Coal  Punchers,  Pneumatic  Tools, 
"Calyx"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


ROCK 
DRILL   STEEL 

HOLLOW 
SOLID 


INTERNATIONAL  HIGH  SPEED  STEEL  CO. 

Now  York  City. 
Sole    Importers   ot   the    Celebrated   "BULLDOG** 
BRAND   HOLLOW   AND   SOLID   ROCK   DRILL 
STEEL. 


ISBELL 
CONCENTRATOR 


ISBELL  MINING  MACHINERY  CO. 

Loa  Angoloa,  Cal. 

Manufacturers  of  the  ISBELL  UNIVERSAL  CON- 
CENTRATOR.   Write  for  further  information. 
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THE  MINING  SAFETY  DEVICE  CO. 

Edgar  C.  Banta,  Sprlngfiald,  Ohio. 

Sole  Sales  Agent  for  the  Automatic  Safety  MINE-CAR 
CAQER,  manufactured  by  The  Mine  Safety  Device  Co. 
Prevents  injury  to  eager.  May  be  used  on  tipples  and 
inclines  or  in  slope  mines.  Increases  output  and  de- 
creases cost. 


AUTOMATIC 

SAFETY 

MINE-CAR 

CAGER 


THE  JEFFREY  MFG.  CO. 

- 

Columbus,  Ohio. 

COAL 

Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Conveyors,  Fans,  Hoists, 
Pumps,  etc. 

MINING 
MACHINERY 

LEAD  LINED  IRON  PIPE  CO. 

Wakefield,  Mass. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — ^for  Acids  and  Corrosive  Waters. 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 


A.  LESCHEN  &  SONS  ROPE  CO. 

IS  BUBiirm  at  TEA  at 
MmrYwA  CHos*  St.  Louis,  Mo.  !>«««  5»m¥nmhm 
Producing  WIRE  ROPE  of  qualities  and  construction 
adapted  to  every  condition  of  wire  rope  service,  includ- 
ing the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  constructions.  Systems  of  Aerial 
Wire  Rope  Tramwasrs  for  the  economicid  transportation 
of  any  material. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


MACOMBER  &  WHYTE  ROPE  CO. 

Chloago,  III. 
New  York        Plttabuiv        KaiiMwClty         SeatUe         Portland 

Manufacturers  of  High  Grade  Wire  and  Wire  Rope  for 
every  purpose.  Sole  makers  of  Patent  Kilindo  Non- 
rotating,  •* Monarch"  and  MacWhyte  Wire  Ropes. 
Lawson  Looped  Section  Tramways. 


WIRE   ROPES 

AERIAL 
WIRE  ROPE 
TRAMWAYS 

BLOCKS  FOR 
WIRE  ROPE 


MASHEK  ENGINEERING  CO. 

90  Wast  St.,  Now  York. 
Complete  plant  equipments  4,  8,  16  and  35  tons  of  a  to 
3  ox.  smokeless  and  odorless  briquettes  per  hour.   Com- 
plete plants  designed  and  erected. 


BRIQUETTING 
MACHINERY 
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ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 


OTiS  ELEVATOR  COMPANY 

El»v»iith  Av».  and  Twanty-Slxth  St.,  N«w  York. 

OPPICE9   IN   ALL  PRINCIPAL  CITIES  OP  TNC  WORLD. 

Build  and  erect  all  types  of  Freight  and  Passenger  Ele* 
vators — for  all  kinds  of  power; — ^including  Furnace 
Hoists,  Inclined  Railwasrs,  and  Special  Hoisting  Equip- 
ments and  Machines  for  Mining  use.  Correspondence 
invited. 


CONVEYOR 
BELTING 


QUAKER  CITY  RUBBER  COMPANY 

Phlladolphia,  Pa. 

We  are  the  sole  manufacturers  of  Ridgway  patented 
Hinge  Edge  Belt  for  trough  conveying.  We  also  manu- 
facture regular  styles  of  Conveyor  Belt.  Belting  for 
Bucket  Elevators  a  specialty.  TeU  us  your  belting 
problems. 


ROBINS 

BELT 

CONVEYORS 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Park  Raw,  Now  York. 

Messiter  ORE  BEDDING  Systems— FURNACE 
FEEDERS;  SORTING  BELTS,  and  many  other 
special  applications  of  what  was  the  Pioneer  and  is  the 
Standard  Belt  Conveyor;  Coal  Handling  Sjrstems; 
Electric  Locomotives ;  Hoisting  Machinery. 


WIRE 
ROPE 


JOHN  A.  ROEBLING'S  SONS  CO. 

Trenton,  N.J. 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 
agencies  and  branches  throughout  the  country. 


POSITIVE 

PRESSURE 

BLOWERS 

VACUUM  AND 
ROTARY  PUMPS 

GAS 
EXHAUSTERS 


P.  H.  &  F.  M.  ROOTS  CO. 

Connarsvlila,  Ind. 
Manufacturers  of  the  Roots  Positive  Pressure  Blowers 
for  Smelting,   Foundry  and   Filtration  Work.    Write 
for  Catalogue. 


SEMPLE'S 
BLACK 
OXIDE 
PAINT 


F.  G.  SEMPLE 

South    Bothloham,  Pa. 
Manufacturer  of  SEMPLE'S  BLACK  OXIDE  PAINT. 
A  DURABLE  metal  coating  for  all  metallic  surfaces. 
Price  $i.oo  per  gallon. 
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STURTEVANT  MILL  CO. 

Boston,  Mass. 
STURTEVANT  Steel  Plate  Crashers,  Balanced  Rolls, 
Ring-Roll  Pulverixers,  Newaygo  Screens,  Laboratory 
Crashers,  Rolls  and  Screens. 


CRUSHING 

GRINDING 

SCREENING 

MACHINERY 


SULLIVAN  MACHINERY  CO. 

Railway  Exohango,  Chloago,  III. 

Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Pans. 


ROCK  DRILLS 

AIR 

COMPRCSSORS 

HOISTS 

PUMPS 


VULCAN  IRON  WORKS 

Wilkes- Barra,  Pa. 
Vulcan  Electric  Mine    Hoists,  Steam  Hoists,  Hoist- 
ing and   Haulage    Engines,  Mining    Machinery,  etc. 
Nicholson  Device  for  Prevention  of  Overwinding. 


MINE 
HOISTS 


WESTINGHOUSE  ELECTRIC  &  MFG.  CO. 

Pittsburg.  Pa. 

ELECTRIC 

The  Westinghouse  EQUALIZER  HOISTING  SYS- 

HOISTS 

TEM  will  solve  your  hoisting  problems. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Wavarly  Park,  Newark,  N.J. 

Weston  Eclipse  AMMETERS,  MILLIAMMETERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 


AMMETERS 

AND 

VOLTMETERS 


DIRECTORY  CARDS 

RATE  FOR  PUBLICATION  OF  CARDS  IN 
THE  DIRECTORY  OF  MINING  AND  METAL- 
LURGICAL EQUIPMENT  WILL  BE  QUOTED 
ON    REQUEST. 


RATES 
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AL0RI06E,  WALTER  H. 


Consulting  Mining  and 
If  et«llar|r]cal  Engineer 


14  WaU  Street 


NEW  TORE 


ARMSTEAD,  Henry  Howell 

CoMttltiMg  Engineer 

29  Broadway 

NEW  YORK 

Apartado  65,  Guanajuato,  Mexico 


BEATTY,  A.  CHESTER 

ContuKing  Mining  Engineer, 

71  Broadway. 

NEW  YORK,  N.  Y. 

Cable  Addmt: 

GrteHlc. 


COULDREY,  PAUL  S. 

Mining  Engineer 

General  Superintendent 
Cbrro  ds  Pasco  Mining  Co. 

CERRO  de  PASCO,  PERU 
SOUTH  AMERICA 


GARZA-ALDAPE,  J.  M. 

Mining  and  Metallnrgical  Engineer 
Bepobtb  on  Mezicait  Minbs 

Address  :  Calle  de  Rodriguez  No.  5 
(P.  O.  Box  No.  225) 

torre6n-^oahuila~mexico 


GREENE,  FRED  T. 

surer  Bow  dub,        BUTTE,  MONT. 


BREWER,  WM.  M. 

CansuiHnff  Mim4mg  l^ngin^er 

And  Q€oiogis$f 

P.  0.  Box  701.  VICTORIA.  B.  C. 

Cod  nee  ted  with  the  Tyee  Copper  Co.,  Ltd. 


BURCH,  H.  KENYON 


Eeehanlcal  and  HeUUarglcal  Engineer 
Consaltattons 


Saile  314,  Central 


LOS  ANGELES.  CAL. 


Designer  and  Builder  of 
Power,  Hoisting,  Pumping, 
Crushing  and  ^nnwg  plants. 

♦;n#.ri*ltu«  Concentration  of  Ores, 
specialties  Economic  Handling  of  Materials. 


CHANNING,  J.  PARKE 


Coneulting  Engineer, 


42  Broadway,  NEW  YORK. 


HALL,  EDWIN 

LUSK,  WYOMING 

Mining  Engineer.  Wyoning  Oiletnd 
Copper  a  epeoiaity 


JtAMMOND.  JOHN  HAYS, 
Comnlting  Engineer, 

71  Broadway,  NEW  YORK 


TRANSACTIONS  OF  THE 

American  loitiKfte  of  Mlolng  BogiDeerb 

OOIXECTIVE  INDEXES 

Vols.  I.  to  XXXV.,  CI.,  Is;  H  Mor.  f6. 

Vols.  XXXVI.  to  XL.,Cl..$x.so;  %  Mor.|..50 
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HANKS.  ABBOT  A. 

Chenist  and  AMayer 

EsUbUahed  1866 

Control  and  Umpire  Assays,  Supervi- 
sion of  Sampling  at  Smelters,  Chemical 
Analyses  of  Ores,  Minerals,  Mineral 
Waters,  etc. 

690  SaenneBto  St    San  Franoiaco,  Cal. 


HARDMAN,  JOHN  E. 

Conaulting  Mining  Engineer, 
112  St  James  St 

MONTREAL,  CANADA. 


KLEPETKO,  FRANK 

Conanlting  Engineer 
Mining  and  Metallurgy 


43  Broadway 


NEW  YORK 


HAWXHUR8T,  ROBERT,  Jr. 

Mining  Engineer 
623  Salisbury  House 

LONDON,  E.  C,  ENGLAND 

Cable  Address :— Hawxhurst,  London 
Usual  Codes 


HOYLE,  CHARLES 

Mining  Engineer, 
Apartado  8,  £1  On>, 

ESTADO  DE  MEXICO,  MEXICO. 


LAW,  PAUL  W. 

Mining  and  Consulting  Engineer 

Real  del  Monte,    HIDALGO,  MEXICO 
Apartado  No.  8 


LEDOUX  &  COMPANY 

Aesayers  and  Samplers 

99  John  Street,  NEW  YORK 

Independent  Sampling  Works 

New  York  and  Jersey  City 

Bepresentatives  at  all  refineries  and 

smelters  on  Atlantic  seaboard 


JENNINGS,  E.  P. 

Consulting  Mining  Engineer, 

607  Newhonae  Building, 

SALT  LAKE  CrrV,  UTAH. 


LOWE,  HENRY  P. 

Consulting  and  Mining  Engineer, 
CENTRAL  CITY,  COLORADO. 

Bedford  MoNeill  Code, "  Lows,  Dbntsb." 


Mines  Management  Company 

OoBraltinff  MtntBff  Earlaeen 
and  Mine  MaBaren 

60  Broadway  NEW  YOBK  CITY 

Branch as : 

LeadM.  Easlaai.  28  aad  2f  St  Swttias  Luw 

Medc^D.F.  ATMdaie da Seplfaiilrt. !!>■.« 


Cable  Address : 
"Minmanco" 


Code: 
Bedford-McNeill 
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MYERS.  DESAIX  B. 

MiMing  Engfieer 

321  Storj  Building 

LOS  ANQELES 

RICKETTS  &  BANKS3 

60  Maiden  Lane,  New  Yoik, 

Mining,  Metaliargieal  and 

Chemleal  Engineers, 

ExraiiiuitioB  of  Properties.    Testing  of  Om 
In  Mini«g,Metaniiiiicaland  MilliacPncdce. 

PARKER,  RICHARD  A. 

CoMultfng  Mining  Engineer 
929  Foster  Building               DENVER 

RICHARDS,  ROBERT  H. 

Or0  I>re»9ing 

Maasachnaetts  laatltnte  of  Technology 
BOSTON,  MASS. 

RiORDANp  D.  M. 

Mlniac  iBTCsHgatioBS  especially  caiefally 
CKy  kivatUas  Udg.,  MB  Braa*ray.  New  Ytrk. 

Howard  Poillon                  C.  H.  Poiribr 

POILLON  &  POIRIER 

Mining  Engineers 

25  Broad  Street 

NEW  YORK  CiTY 

PORTER  W.  SHIMER  &  SON 

Metailurgloal  Oliemlsts 

ABarMsslina.ilecl.SB4slikcrMteb.  altfi. 
•nt,  BiMffsk.  cesl  sb4  celM.  ccMit.  vmter.  dc 

CONSULTATION 

INVESTIGATION     EASTON,  PENN'A 

RAYMOND,  R0S8ITER  W. 

Mining  Engineer  and  Metaiiurgiet 

29  West  Thirty-Ninth  Street 

NEW  YORK 

SPILSBURY,  E.  6YBB0N, 

Gonsiatlng,  ClvU,  Klning 
and  Hetallnrgieal  Engineer, 

45  Broadway,                NEW  YORK. 

REVETT.  BEN  STANLEY 

Mining  Engineer 
Alluvial  Mining 

AND  Installations 
BRECKENRiDOE,  COLORADO 
Cikk:  ''Dredger" 
(Me:  Bedford-McNeil 

SYMMES,  WHITMAN 

Mining  Engineer 

VIRGINIA  CiTY,  NEVADA 

Supt.  United  Comstock  Pumping  Asm. 
Supt.  Mexican  Mine,  Union  Mine,  etc. 

(86) 


Digitized  by 


Google 


Adveriisemenls. 


MOFESSIONAL  CARDS 

TREOWELL.  WILBUR 

WEED,  M.  B. 

MMH  Eaglmer 

MiDiiig  EHiM«r 

PHOENIX,  ARIZONA 

LANDER.  WYOMiNfi 

IN  PRCPARATION-A  NEW  VOLUME  ON 

ORE-DEPOSITS 

A  eantinuation  of  the  ^'Poaepny  **  Volume 

Comprising  Papers  Deecriptive  of  Ore-Deposits  and  Discussions  of 

their  Origin,  Edited,  with  an  Introduction,  by  Dr.  S.  P.  Emmons. 

The  volume  coDtains  also  a  Biographical  Notice  of  Dr.  Emmons  hj  hiB 


Qiversity. 

For  details  concerning  time  of  publication^  price,  etc,,  address 

AMERICAN  INSTITUTE  OP  MINING  ENGINEERS 

39  West  39th  Street,  New  York,  N.  Y. 


BLUE  ENAMELED  PIN 


GOLD  CROSS  HAMMERS 


SEAL  FOB 


'T'HE  AMERICAN  INSTITUTE  OP 
^  MINING  ENGINEERShas 
adopted  no  official  badge,  the  posses^ 
sion  of  which  is  proof  of  membership. 
Numerous  designs,  however,  have  been 
executed  for  temporary  use,  and  of  these 
the  three  here  shown  have  proved  so 
convenient  and  attractive  that  many 
members  continue  to  wear  them  as  per- 
sonal ornaments.  To  this  there  is  no 
objection ;  and  these  badges  will  be  sent 
postpaid  to  Members  and  Associates  on 
the  receipt  of  the  price  by  New  York 
check,  or  Postal  Money  Order,  in  favor 
of  the  Secretary,  as  follows : 

Blue  Enameled  Button,  silver,  $0.75 ;  gold,  92.60  ; 
White  Enameled  Button  for  officers,  gold,  92.60 ; 
doss-Hammers,  gold,  92.75 ;  Seal  Watch-Fob^  ail- 
Tei^gilU  92.60  ;  silver,  94.00 ;  gold,  $12  to  920. 
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OFFICERS. 

For  the  year  ending  February,  19x3. 

COUNCIL* 

President  op  the  Council. 

JAMES  F.  KEMP New  York,  N.  Y. 

(Term  expires  February,  1918.) 

Vice-Presidents  op  the  Councii.. 

8.  B.  CHRISTY Berkeley,  Cal. 

R.  V.  NORRIS Wilkes-Barre,  Pa. 

GARDNER  F.  WILLIAMS Washington,  D.  a 

(Term  expires  February,  1918.) 

KARL  EILERS J^ew  York,  N.  Y^ 

WALDEMAR  LINDGREN Washington,  D.  C. 

BENJAMIN  B.  THAYER New  York,  N.  Y. 

(Term  expires  February,  1910 

Councilors. 

ROBERT  E.  JENNINGS New  York,  N.  Y» 

WILUAM  KELLY Vulcan,  Mich. 

HENNEN  JENNINGS Washington,  D.  C. 

(Term  expires  February,  1918.) 

A.  E.  CARLTON Cripple  Creek,  Couk 

W.  J.  6LCOTT Duluth,  Minn. 

E.  L.  YOUNG New  York,  N.  Y. 

(Term  expires  February,  1914.) 

JOHN  H.  JANEWAY,  Jr New  York,  N.  Y. 

SroNEY  J.  JENNINGS New  York,  N.  Y. 

JOSEPH  W.  RICHARDS South  Bethlehem,  Pa. 

(Teim  expires  February,  1915.) 

Secretary  op  the  Council  and  Editor. 

JOSEPH  8TRUTHER8,  29  W.  39th  St New  York,  N.  Y. 

(Term  expires  February,  1918.) 

Secretary  Emeritus  op  the  Council. 
R  W.  RAYMOND New  York,  N.  Y. 

CORPORATION. 

JAMES  F.  KEMP,  President;  EDMUND  B.  KIRBY,  Vice-President; 

FRANK  LYMAN,  Treasurer ;  GEORGE  C.  STONE,  Secretary ; 

JOSEPH  STRUTHERS,  Assistant  Secretary  and  Assistant  Treasurer. 

Directors. 

JAMES  GAYLEY,  CHARLES  KIRCHHOFF,  FRANK  LYMAN. 
(Term  expires  February,  1918.) 

JAMES  DOUGLAS,  JAMES  F.  KEMP,  ALBERT  R.  LEDOUX. 

(Term  expires  February,  1914.) 

EDMUND  B.  KIRBY,  CHARLES  F.  RAND,  GEORGE  C  STONE. 

(Term  expires  February,  1915.) 

Consultiug  Attorneys,  Blair  &  Rudd,  New  York,  N.  Y. 

*  Secretary's  Note.— The  Council  is  the  professional  body,  having  charge  of 
the  election  of  members,  the  holding  of  meetings  (except  business  meetings),  and 
the  publication  of  papers,  proceedings,  etc  The  Board  of  Directors  is  the  body 
legally  responsible  for  the  business  management  of  the  Corporation. 
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COMMITTEES. 

For  the  year  ending  February,  19x3. 
COUNCIL. 

Membership : — Joeeph  Struthen,  Earl  Eilers,  Sidney  J.  Jennings,  Benjamin  R 
Thayer,  John  H.  Janeway,  Jr. 

PublieatUms : — Joeeph  StrutherSi  Ounrman;  David  W.  Bmntoni  Samuel  B. 
Christy,  Alhert  L.  Colby,  Nathaniel  H.  Emmons,  Charles  H.  Fnlton,  James 
Gayley,  H.  O.  Hofman,  Henry  M.  Howe,  Walter  R.  Ingalls,  James  F.  Kemp, 
R  V.  Norris,  Edward  D.  Peters,  Rossiter  W.  Bajmond,  Joseph  W.  Richards, 
Robert  H.  Richards,  Albert  Sauvenr,  Henry  L.  Smyth,  Arthur  L.  Walker. 

Ir<m  and  Steel  Dwieion: — Charles  Kirchhoff,  Chairman;  Charles  F.  Rand,  Viee- 

Chairman;  Bradley  Stoughton,  Secretary;  John  Birkinbine,  James  Gajley,  Henry 

D.  Hibbard,  Henry  M.  Howe,  Robert  W.  Hunt,  Julian  Kennedy,  Charles  E. 

Leith,   Richard  Moldenke,   Joseph  W.  Richards,   Albert  Sauveur,   F.  W.   C 

Schniewind,  A.   A.  Stevenson,  Felix  A.  Vogel,  Leonard  Waldo,  William  R 

Webster. 

CORPORATION. 

Finance : — Charles  F.  Rand,  James  Gayley,  George  C  Stone. 

Library: — James  F.  Eemp,  Charles  EirchhofF,  George  C.  Stone. 

Land  Fund: — James  Douglas,  Chairman;  Theodore  Dwight,  Treasurer;  T.  F. 
Cole,  Anton  Eileis,  James  Gayley,  John  Hays  Hammond,  Charles  Eirchhoff, 
Albert  R  Ledoux,  Frank  Lyman. 


INSTITUTE  REPRESENTATIVES. 

Uniied  Engineering  Society  Trustees  .—Joseph  Stmthers  (1913),  Theodore  Dwight 
(1914),  James  F.  Eemp  (1915). 

JokU  Oo9^erenee  Committee  0/  the  Four  National  Engvneervng  Societies: — James 
F.  Eemp,  Joseph  Stmthers. 

John  Fritz  Medal  Board  of  ^«ard:— K  Gybbon  Spilsbury  (1913),  R  V.  Norris 
(1914),  Charles  Eirchhoff  (1916),  J.  F.  Eemp  (1916). 

Amerieojn  AsaodaHon  for  the  Advancement  of  Science : — H.  O.  Hofman,  John  D. 
Irving. 

Committee  No.  24,  International  Association  for  Testing  Materials: — Henry  D.  Hib- 
bard. 

IntemaHonal  Engineering  Congress,  San  FranciseOf  1915  : — Samuel  R  Christy, 
William  C.  Ralston,  Edwin  T.  Blake. 

Kdvin  Memorial  Cbmmi^tee ;~  James  F.  Eemp,  Samuel  B.  Christy,  James  Doug- 
las, Joeeph  Stmthers.  

LOCAL  SECTIONS. 

New  York. — George  F.  Eunz,  Chairman;  Louis  D.  Huntoon,  Secrelary'Treasurer, 
166  Broadway,  New  York,  N.  Y. 

Boston. — ^Robert  H.  Richards,  Chairman;  Augustus  H.  Eustis,  Secretary^T^reaS' 
urer,  131  State  St.,  Boston,  Mass. 

Spokane. — R.  S.  McCafiFery,  Chairman;  L.  E.  Armstrong,  Seeretary'Treasurer, 
Spokane,  Wash. 

Puget  Sound. — Chester  F.  Lee,  Chairman;  Joseph  Daniels,  Seeretary-Treaswrer, 
Uniyeisity  of  Washington,  Seattle,  Wash. 
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Affiliated  Student  Societies. 

Any  society  of  undergraduates  at  a  technical  school,  comprising 
students  in  any  branch  of  engineering,  metallurgy,  chemistry,  geol- 
ogy, etc.,  may  be  recognized  by  the  Council  in  its  discretion  as  an 
Affiliated  Student  Societ}'^.  A  circular  giving  details  of  the  plan  of 
affiliation  may  be  obtained  on  application  to  the  office  of  the  Sec- 
retary of  the  institute. 

The  following  societies  have  been  placed  by  authority  of  the 
Council  on  the  above  list : 

Affilijlted  Student  Societies. 

The  Mining  Society  of  the  Sheffield  Scientific  School,  Yale  Universitj,  New 
Haven,  Conn.     President,  Karl  C.  Stadtmiller ;  SedreUuryf  S.  B.  Gordy. 

The  UniTersitj  of  Illinois  Student  Branch  of  the  American  Institute  of  Mining 
Engineers,  Champaign,  II L   Presidenty  Leonard  V.  Newton  ;  Secretary ,  L.  W.  Swett. 

The  Engineering  Society  of  the  Uniyersity  of  Nevada,  Reno,  Nev.  President^ 
D.  E.  Bruce ;  Secretary,  R.  M.  Seaton. 

The  University  of  Wisconsin  Mining  Club,  Madison,  Wis.  PresiderU,  Rudolph 
J.  Stengl ;  Secretary,  Mack  C.  Lake. 

The  Mining  and  Geological  Society  of  Lehish  University,  South  Bethlehem, 
Pa.     President,  Willis  B.  Clemmitt ;  Secretary,  W.  Cli£ford  Rehfuss. 

The  School  of  Mines  Society  of  the  University  of  Minnesota,  Minneapolis, 
Minn.     PremdevU,  C.  A.  Walker ;  Secretary,  A.  C.  Bierman. 

The  Mininff  Engineering  Society  of  the  Massachusetts  Institute  of  Technology. 
President,  L.  B.  Ihike ;  Secretary,  Lionel  H.  Lehmaier. 

The  Student  Auxiliary  Society  of  the  American  Institute  of  Mining  Enfineers 
of  the  University  of  Kansas,  Lawrence,  Kan.  President,  A.  H.  Aumgeisdorf ; 
Secretary,  C.  J.  Hainbach. 

The  Associated  Miners  of  the  University  of  Idaho,  Moscow,  Idaho.  President^ 
James  W.  Gwinn ;  Secretary,  J.  Wallace  Strohecker. 

The  State  College  of  Washington  Mining  and  Geological  Society,  Pullman, 
Wash.    President,  a.  R  Doelle;  Secretary,  B.  R.  Kinney. 

The  Tejas  Technical  Society,  School  of  Mines,  University  of  Texas.  JFVew- 
dent,  G.  C.  Cartwright ;  Secretary,  David  S.  Alley. 

The  Ohio  State  University  Student  Branch  of  the  American  Institute  of  Mining 
Engineers,  Columbus,  Ohio.     President,  Hugh  B.  Lee ;  Secretary,  E.  P.  Elliott 

The  Stanford  Geology  and  Minina;  Society,  Stanford  University,  Cal.  President^ 
B.  E.  Parsons ;  Secretary,  R  D.  Nolan. 

The  Senior  Mining  Society  of  Columbia  University,  New  York,  N.  Y.  President^ 
Roger  L.  Strobel ;  Secretary,  Clark  G.  Mitchell. 

Mining  Association  of  the  University  of  California,  Berkeley,  CaL  Presi^ 
dent,  Frank  L.  Wilson  ;  Secretary,  Stanley  L.  A  mot. 

Tufts  College  Chemical  Society,  Tufts  College,  Mass.  President,  P.  G.  Savage ; 
Secretary,  W.  S.  Frost. 

University  of  Washington  Mining  Society,  Seattle,  Wash.  President,  Oliver 
P.  Searing ;  Secretary^  Albert  R.  Sherman. 

Student  Branch  of  the  American  Institute  of  Mining  Engineers,  Iowa  State 
College,  Ames,  Iowa.     President,  M.  B.  Hadley  ;  Secretary,  R.  L.  Hurst. 

Missouri  Mining  Association  of  the  Missouri  School  of  Mines,  RoUa,  Mo. 
President,   L.  S.  C^pelin ;  Secretary,  L.  J.  Boucher. 

The  Pick  and  Shovel  Club  of  the  Case  School  of  Applied  Science,  Cleveland, 
Ohio.     President,  L.  B-  Riddle  ;  Secretary,  S.  C.  Stillwagon. 

Colorado  School  of  Mines  Scientific  Society,  Golden,  Colo.  President,  Alan 
Kissock  ;  Secretary,  George  Wilfley. 

Mining  Engineering  Society  of  the  University  of  Arizona,  Tucson,  Ariz.  Presi^ 
dent,  James  J.  Flanigan ;  Secretary,  H.  O.  Coles. 

Kentucky  Mining  Society,  College  of  Mines  and  Metallurgy,  University  of  Ken- 
tucky, Lexington,  Ky.     President,  W.  R  Hobson ;  Secretary,  L.  V.  Martin. 

Digitized  by  VjOOQ IC 


Ambrican  Institutb  of  Mining  Enginberb. 


INSTITUTE  ANNOUNCEMENTS. 

Special  Notice. 

The  BvUeiin  is  now  entered  at  the  Post  OflEice  at  Second-Class 
Postage  rate  of  one  cent  per  pound,  and  in  order  to  preserve  this 
privilege  it  is  necessary  that  the  dues  of  members  be  paid  within  four 
montiis  of  January  1  of  each  vear.  If  the  dues  are  not  paid  within 
the  period  mentioned,  a  member's  name  must  be  removed  from  the 
regmar  subscription-list  and  the  Bulletin  mailed  at  the  transient 
second-class  postage  rate  of  one  cent  for  each  four  ounces  or  fraction 
thereof,  prepaid  bv  stamps  affixed.  It  is  therefore  earnestly  re- 
quested that  dues  be  paid  promptly — otherwise  the  Institute  will 
be  put  to  additional  expense  of  postage  and  to  added  labor  in  re- 
moving and  replacing  names  from  the  regular  list,  and  in  maintain- 
ing an  additional  separate  mailing-list. 


Nominations  for  Officers. 

The  undersigned,  having  been  appointed  a  Committee  to  nomi- 
nate officers  for  the  Institute  for  tne  year  1913,  desire  that  every 
member  participate  in  the  work  of  this  Committee  by  offering  sug- 
gestions and  proposing  names  for  the  various  offices,  thereby  assist- 
ing in  obtaining  the  best  ticket  that  can  be  recommended. 

The  officers  to  be  elected  at  the  Annual  Meeting  in  February  are, 
a  President,  three  Vice-Presidents,  three  Councilors,  three  Directors, 
and  a  Secretary. 

All  suggestions  and  names  with  recommendations  should  be  sent 
to  the  Chairman  of  the  Committee,  Philip  N.  Moore,  611  Merchants- 
Laclede  Building,  St.  Louis,  Mo.,  and  snould  be  received  by  him 
before  Dec.  1, 1912. 

The  list  of  officers  whose  terms  expire  is  given  herewith,  as  well 
as  the  names  of  the  officers  whose  terms  do  not  expire. 

The  Committee  desires  to  propose  for  the  different  offices  men 
who  will  be  representative  and  wno  will  also  represent  the  various 
sections  of  the  United  States,  but,  at  the  same  time,  it  must  be  re- 
membered that  it  is  necessary  so  to  constitute  the  Board  that  a 
sufficient  number  of  the  officers  will  have  their  headquarters  in  New 
York  or  vicinity,  so  that  a  quorum  for  meetings  can  be  secured. 

Of  the  officers  (excluding  President  and  Secretarv)  whose  terms 
expire,  four  are  from  New  York  and  five  from  elsewhere  in  the 
United  States ;  of  those  whose  terms  do  not  expire,  ten  are  from 
New  York  and  its  vicinity  and  five  from  elsewhere  in  the  United 
States  and  Canada. 
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.  As  already  stated,  it  is  hoped  that  the  members  of  the  Institute 
will  assist  the  Committee  to  the  utmost  by  making  suggestions  and 
proposals  as  requested  above. 

Philip  N.  Moore,  Chairman. 

John  Bibkinbine. 

D.  W.  Brunton. 

Seeley  W.  Mudd. 

Charles  P.  Perin. 

Arthur  L.  Walker. 

Officers  Whose  Terms  Expire  in  February,  1913. 
Pbbbident  of  the  Council. 

JAMES  F.  KEMP New  York,  N.  Y. 

Vicb-Peesidents  of  the  Council. 

S.  B.  CHRISTY... Berkeley,  Cal. 

B.  V.  N0RBI8 Wilkbb-Barre,  Pa. 

GARDNER  F.  WILLIAMS Washington,  D.  C, 

Councilors. 

ROBERT  E.  JENNINGS New  York,  N.  Y. 

WILLIAM  KELLY Vulcan,  Mich. 

HENNEN  JENNINGS Washington,  D.  C. 

Secretary  of  the  Council. 

JOSEPH  STRUTHERS,  29  W.  39th  St New  York,  N.  Y. 

Directors. 

JAMES  GAYLEY New  York,  N.  Y. 

CHARLES  KIRCHHOFF. New  York,  N.  Y. 

FRANK  LYMAN New  York,  N.  Y. 

Officers  Whose  Terms  Do  Not  Expire  in  Febrvxiry,  1913. 
Vice-Presidents  of  the  Council. 

KARL  FILERS New  York,  N.  Y. 

WALDEMAR  LINDGREN Washington,  D.  a 

BENJAMIN  B.  THAYER New  York,  N.  Y. 

(Term  expires  February,  1914.) 

Councilors. 

A.  E.  CARLTON Cripple  Creek,  Colo. 

W.  J.  OLCOTT Duluth,  Mink. 

E.  L.  YOUNG New  York,  N.  Y. 

(Term  expires  February,  1914.) 

JOHN  H.  JANEWAY,  Jr New  York,  N.  Y. 

SIDNEY  J.  JENNINGS New  York,  N.  Y. 

JOSEPH  W.  RICHARDS South  Bethlehem,  Pa. 

(Term  expires  February,  1915.) 

Directors. 

JAMES  DOUGLAS,  JAMES  F.  KEMP,  ALBERT  R.  LEDOUX 

(Term  expires  February,  1914.) 

EDMUND  B.  KIRBY,  CHARLES  F.  RAND,  GEORGE  C.  STONE. 

(Term  expires  February,  1915.) 
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Iron  and  Steel  Division. 

COMMITTEE. 

Chableb  Eibchhoff,  Oiainnan, 

Chables  F.  Bahtd,  Vice-Chairman, 

Bbadlby  Stoughton,  Secretary^  165  Broadway,  New  York. 

John  Birkinbine,  Bobert  W.  Hunt,  F.  W.  G.  Schniewind, 

James  Gbiyle^,  Julian  Kennedy,  A.  A.  Stevenaon, 

Henry  D.  Hibbard,  Bichard  Moldenke,  Felix  A.  Voffel, 

HeniT  M.  Howe,  Joseph  W.  BichaidB,  Leonard  Waldo, 

Charles  E.  Leiih,  Albert  Sauveur,  William  B.  Webster. 

At  the  recent  103d  meeting  of  the  Institute,  in  Cleveland,  Oct. 
28-31,  there  were  29  papers  dealing  with  iron  or  steel,  extending 
over  a  wide  range  of  subjects,  from  iron-ore  mining  to  scientific 
investigations  of  theoretical  principles  underlying  metallurgical 
practice.  All  of  these  papers  were  available  in  printed  or  mimeo- 
graphed form,  so  that  those  who  desired  to  prepare  discussion  in 
advance  could  obtain  copies.  Copies  of  many  of  the  papers  were 
also  distributed  in  advance  to  about  a  hundred  members  who  had 
asked  for  them  in  respose  to  the  Committee's  circular  stating  that 
they  would  be  available.  The  Committee  takes  this  opportunity  to 
explain  that  lateness  of  authors  in  sending  in  manuscript  or  in  re- 
turning corrected  proof,  put  such  a  strain  on  the  resources  of  the 
printer  at  the  very  last  minute,  that  advance  copies  could  not  be 
sent  out  as  early  as  had  been  hoped,  and  mimeographing  had  to  be 
resorted  to  in  the  case  of  about  half  a  dozen  manuscripts. 

Fifteen  papers  were  presented  to  the  technical  sessions  by  their 
authors  or  author's  representative,  and  fourteen  of  these  were  dis- 
cussed. Only  lack  of  time  prevented  a  longer  discussion  of  some 
Eapers,  and  it  is  the  desire  of  the  Committee  to  promote  discussion 
y  correspondence  until  all  available  data  on  each  subject  have 
been  obtained  from  members  of  the  Institute.  Copies  of  any  of 
the  papers  will  be  sent  to  any  member  upon  request  to  the  Secre- 
tary oi  the  Committee,  and  members  are  earnestly  requested  to  for- 
ward all  discussion  which  will  advance  the  subject.  Even  items  of 
seemingly  minor  interest,  by  the  insight  they  give  into  practice,  or 
by  their  cumulative  eflfect,  often  prove  to  be  of  great  value.  Where 
the  discussion  evoked  seems  to  warrant  it,  the  Committee  will  re- 
quest that  some  papers  be  brought  up  again  at  later  meetings  of  the 
Institute  where  the  author  may  meet  others  in  further  debate. 

A  significant  fact  has  been  brought  out  by  R.  H.  Sweetser,  of 
Columbus,  0.,  and  that  is  that  to  blast-furnace  managers,  the  paper 
of  greatest  importance  was  not  a  paper  on  iron,  but  was  that  on 
copper-slags  by  Prof.  Charles  H.  Fulton,  of  the  Case  School  of 
Applied  Science,  Cleveland,  0.  Mr.  Sweetser  holds  that  the  facts 
brought  out  will  lead  to  the  most  valuable  series  of  investigations 
in  the  metallurgical  side  of  blast-furnace  practice  attempted  since 
the  days  of  Lowthian  Bell.  The  fact  that  copper  metallurgists 
have  advanced  further  than  those  engaged  in  the  production  of 
iron,  shows  how  much  the  co-operation  of  allied  and  associated 
branches  is  needed,  through  the  intermediary  of  the  general  or- 
ganization of  the  Institute. 

A  nucleus  of  iron  and  steel  papers  for  the  next  meeting  of  the 
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Institute  has  already  been  promised,  and  the  Committee  will  en- 
deavor to  set  a  high  standard  for  all  papers  accepted,  although,  at 
the  same  time,  encouraging  members  who  have  not  yet  contriouted 
to  bring  forward  their  views  and  results  of  experience. 

Bradley  Stoughton,  Secretary, 

165  Broadway,  New  York,  N.  Y. 


New  York  Local  Section. 

Executive  Committee, 

George  F.  Kunz,  Chairman. 

E.  Gybbon  Spilsbury,  Vice'Chairman. 

Thomas  Robins. 

H.  B.  Seaman. 

Louis  D.  Huntoon,  Secretary- Treasurer, 

The  second  meeting  of  the  1912-13  season  of  the  New  York  Sec- 
tion of  the  American  Institute  of  Mining  Engineers  was  held  at  the 
Engineering  Societies  Building,  29  West  39th  Street,  New  York,  on 
Wednesday  evening,  Oct.  23,  at  8.30  p.m. 

Prof.  William  Campbell,  Ph.  D.,  Sc.  D.,  of  Columbia  University, 
delivered  an  illastrated  lecture  on  The  Microscopic  Examination  of 
Opaque  Materials.  This  lecture  was  announced  by  the  mailing  of 
950  reply  post-cards  to  members  of  the  Section  and  members  of  the 
Institute  residing  in  Connecticut,  New  York,  New  Jersey,  Washine- 
ington,  D.  C,  and  Pennsylvania.  The  replies  indicated  an  attend- 
ance of  86.  Although  the  weather  was  most  disagreeable  there  was 
an  attendance  of  70. 

As  an  introduction,  Professor  Campbell  described  the  preparation 
of  specimens  for  examination,  followed  by  a  description  of  the  main 
types  of  microscope,  and  illustrated  by  a  special  stand,  together 
with  a  very  ingenious  method  of  mounting  specimens  by  the  use 
of  a  short  cylinder  closed  at  one  end  and  containing  a  pyramid  of 
wax.  The  specimen  to  be  mounted  is  placed  on  the  table  with  its 
polished  surface  down  and  the  wax  is  pressed  against  the  specimen, 
by  this  method  the  specimen  is  imbedded  in  the  wax,  and  the  cyl- 
inder containing  ttie  specimen  can  be  placed  on  the  stand  under  the 
microscope  in  a  horizontal  position  and  at  the  required  distance 
from  the  focal  lens,  thereby  avoiding  the  necessity  of  having  a  me- 
chanical stage  and  adjustments,  which  are  very  expensive. 

Following  this  introduction,  the  lecture,  which  was  illustrated  by 
a  large  number  of  beautiful  photographs,  covered  the  structure  of 
metals,  grains  and  dendrites,  effects  of  strain,  slip-lines,  the  effects 
of  annealing,  and  grain-growth  and  twinning.  The  structure  of  alloys 
was  systematically  explained  in  detail,  including  the  copper-nickel 
series,  brasses  and  the  effects  of  corrosion,  solders,  ternary  alloys, 
such  as  lead-tin-antimony  and  copper-tin-antimony,  and  zinc-rich 
alloys.  The  various  changes  in  the  solid  state  were  illustrated  by 
the  bronzes,  iron,  and  steel.  Starting  with  wrought-iron,  the  latter 
series  was  exemplified  by  structural  steel,  good  and  bad ;  so-called 
«*  recrystallization  "  and  fatigue  of  axles ;  castings ;  segregation  and 
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other  faults  in  rails;  tool-steel  and  faulty  treatment;  and  the  cast- 
irons;  such  as  car- wheel  iron.  Next  ores  were  shown  from  the 
Ck)balt ;  Cochise  district,  Arizona ;  Butte ;  Sudbury ;  Lowell,  Mass. ; 
and  elsewhere,  and  examples  of  secondary  enrichment  were  shown. 
Lastly,  metallurgical  products  were  illustrated  by  the  copper-cop-, 
per  oxide  series,  showmg  blister,  underpoled,  tough-pitch  and  over- 
poled  copper,  iron-  and  copper-mattes,  nickel-mattes  of  various 
grades  ana  compositions,  both  Sudbury  and  European ;  also  blast- 
furnace and  refinery  speisses. 

To  those  acquainted  with  the  subject  the  lecture  showed  remark- 
able skill  on  the  part  of  Professor  Campbell  in  his  work,  and  to 
those  less  acquainted  with  the  subject,  it  was  a  revelation  of  the 
progress  of  modern  methods  of  metallography.  The  lecture  was 
thoroughly  appreciated. 

Prof.  James  F.  Kemp,  President  of  the  Institute,  and  Prof.  Wal- 
demar  Lindgren,  of  the  U.  S.  Geological  Survey,  discussed  the  sub- 
ject in  detail. 

After  the  discussions  the  Chairman  introduced  Prof.  Eugene 
Oberhommer,  Professor  of  Geography  in  the  University  of  Vienna, 
who  described  his  Western  trip  with  the  members  of  the  Interna- 
tional Congress  of  Applied  Chemistry. 

The  members  and  guests  adjourned  to  the  offices  of  the  Institute, 
where  refreshments  were  served  by  the  Reception  Committee,  spend- 
ing a  pleasant  hour  in  social  intercourse. 

Budget. 
At.the  meeting  of  the  Executive  Committee  of  the  New  York  Sec- 
tion held  Oct.  3,  1912,  a  resolution  was  passed  directing  the  Secre- 
tary to  ask  the  members  of  the  Section  to  contribute  to  the  budget 
of  $1,000  required  to  meet  the  estimated  expenses  of  the  Section 
and  to  invite  members  of  the  Institute  residing  in  Connecticut,  New 
York,  New  Jersey,  Pennsylvania,  and  Washington,  D.  C,  to  become 
associate  members  of  the  Section.  The  resident  members  were 
asked  to  contribute  not  over  $10  each,  and  the  associate  members 
$2.  Letters  in  response  indorsing  the  organization  of  local  sections 
and  offering  to  contribute  further  if  necessary,  and  the  large  num- 
ber of  checks  received,  both  from  the  resident  and  associate  mem- 
bers, have  been  most  gratifying.  The  contributions  up  to  and 
including  Oct.  30,  1912,  amounted  to  a  total  of  $650,  made  up  as 
follows : 

Members, 


No. 

Amount. 

Total. 

Grand  Total 

4 

$2.00 

$8.00 

7 

3.00 

21.00 

2 

4.00 

8.00 

36 

5.00 

176.00 

36 

10.00 

360.00 

1 

26.00 

25.00 

$597.00 

Associate  Members, 

9 

$2.00 

$18.00 

3 

6.00 

15.00 

2 

10.00 

20.00 

53.00 

$650.00 
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With  such  support  from  the  members  at  large  the  New  York  Sec- 
tion should  have  a  most  successful  year. 

Lectures. 

•     The  following  lectures  have  been  promised  for  the  year : 

Mr.  N.  H.  Darton,  Structural  Geology,  on  Nov.  22. 

Mr.  F.  G.  Cottrell,  Metallurgy  of  Copper. 

Mr.  H.  V.  Winchell,  Mining  Law. 

Mr.  L.  D.  Ricketts,  Lixiviation  of  Oxidized  Ores. 

Arrangements  are  being  made  for  lectures  on  The  Flushing  of 
Mines,  Placer  and  Hydraulic  Mining,  Cyaniding,  Ore-Deposits  of 
Ontario,  and  The  Practice  on  the  Rand. 

Louis  D.  HuNTooN,  Secretary-Treasurer, 

166  Broadway,  New  York,  N.  Y. 


Boston  Local  Section. 

Robert  H.  Richards,  Chairman, 
Albert  Sauveur,  Vice'Chairman, 
Augustus  H.  Eustis,  Secretary-Treasurer, 

The  fifth  meeting  of  the  Boston  Section  was  held  at  the  Univer- 
sity Club,  Monday  evening,  Oct.  7, 1912,  about  fifteen  members  at- 
tending at  dinner,  and  others,  including  a  few  members  of  AflSliated 
Student  Societies,  coming  in  after  the  dinner.  The  members  pres- 
ent expressed  themselves  as  well  pleased  with  the  plan  of  dinine 
together  before  the  meeting,  and  voted  that  a  dinner  be  arranged 
before  the  next  meeting.  The  meeting  was  called  to  order  by  the 
Chairman,  Prof.  R.  H.  Richards.  The  minutes  of  the  previous 
meeting  were  read  and  accepted. 

The  Chairman  then  called  on  Prof.  Henry  L.  Smvth,  who  gave 
an  interesting  informal  talk  on  The  Iron  Bearing  Rocks  of  the  Lake 
Superior  Region.  Professor  Smyth  commenced  his  address  by  stat- 
ing that  applied  geology  had  been  spoken  of  as  the  art  of  making 
an  intelligent  guess  from  incomplete  data.  He  spoke  of  the  great 
difficulty  in  determining  the  relative  age  of  the  various  strata  in  the 
difierent  iron-ranges,  there  being  no  fossils  to  assist  in  such  a  classi- 
fication. He  went  on  to  show  that  the  facts  developed  by  diamond- 
drilling  for  the  iron-mines  with  which  he  is  associated,  seemed  to 
indicate  that  some  of  the  conclusions  stated  in  the  Geological  Sur- 
vey monograph,  recently  published  on  this  section,  were  erroneous. 

The  discussion  following  the  paper  was  largely  led  by  Professor 
Lane,  formerly  State  Geologist  of  Michigan ;  and  the  meeting  ad- 
journed in  high  spirits. 

The  sixth  meeting  of  the  Boston  Local  Section  was  called  for 
Monday  evening,  Nov.  4, 1912,  at  the  Technology  Club,  83  Newbury 
Street.  The  program  comprised  an  informal  talk  by  Prof.  Raphael 
Pumpelly  on  Excavations  in  Turkestan. 

A.  H.  Eustis,  Secretary-Treasurer, 

131  State  St.,  Boston,  Mass. 
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Adjourned  Annual  Business  Meeting,  Oct.  7,  1912. 

The  following  is  an  abstract  of  the  Minutes  of  the  Adjourned 
Annual  Business  Meeting  of  the  Institute,  adjourned  first  to  June 
3,  1912,  and  later,  by  mutual  consent  of  the  Board  of  Directors  and 
the  Committee  of  live,  to  Monday,  Oct.  7,  1912,  pursuant  to  regu- 
lar notice.    (There  was  no  meeting  on  June  3,  1912). 

The  meeting  was  called  to  order  by  President  James  F.  Kemp  at 
the  Institute  Headquarters  in  New  York  City. 

The  Secretary  reported  that  53  members  were  present  in  person, 
1021  by  proxy  to  Messrs.  Hunt,  Eilers  and  Kirchhoflf,  and  275  by 
proxy  to  Messrs.  Corning  and  Finlay.    Total,  1,349. 

The  minutes  of  the  Annual  Business  Meeting  of  the  Institute 
held  Feb.  20, 1912,  were  read  and  approved. 

Prof.  Joseph  W.  Richards,  Chairman  of  the  Special  Committee  of 
the  Board  and  Council,  which  presented  certain  proposed  amend- 
ments to  the  Constitution  on  Feb.  20,  1912,  action  on  which  had 
been  postponed  to  the  Adjourned  Business  Meeting,  withdrew  these 
proposed  amendments. 

Certain  proposed  amendments  to  the  Constitution  were  presented 
by  Messrs.  C.  H.  Corning  and  George  C.  Stone,*  to  be  voted  upon 
at  the  Annual  Business  Meeting  of  the  Institute,  Feb.  18,  1913. 

Prof.  Joseph  W.  Richards  presented  proposed  amendments  to 
two  articles  of  the  Constitution,  to  be  voted  upon  at  the  Annual 
Business  Meeting  of  the  Institute,  Feb.  18, 191d.* 

Prof.  Joseph  W.  Richards,  in  behalf  of  the  Special  Committee  of 
the  Directors  and  Council  appointed  to  confer  with  the  Committee 
of  Five,  advised  that  conferences  had  been  held,  both  by  these  Com- 
mittees, and  bjr  the  Directors  and  Council  and  the  Committee  of 
Five,  at  a  special  meeting,  Oct  4, 1912,  and  that  while  agreement 
had  been  reached  in  some  instances,  the  majority  of  the  Directors 
and  Council  did  not  approve  of  the  articles  proposed  by  Messrs. 
Corning  and  Stone,  as  follows : 

''  If  any  Member,  Junior  Member  or  Associate  is  in  arrears  for  four  months,  the 
BuUetin  shall  no  longer  be  sent  to  him  and  he  shall  be  notified  by  the  Secretary  of 
the  Institute  that  no  publications  will  be  sent  him  until  his  arrears  are  paid. 

"  The  professional,  technical,  scientific  and  social  interests  of  the  Institute  shall  be 
oommitted  to  the  supervision  of  the  Council  composed  of  a  Chairman  of  the  Council, 
»  First  Yioe-Ohairman  of  the  Council,  six  Vice-Chairmen  and  nine  Councilors, 
who  shall  be  elected  from  amonff  the  members  and  associates  of  the  Institute  in  the 
manner  hereinafter  provided.  Members  of  the  Council  may  or  may  not  be  mem- 
bers of  the  Board  of  Direotora. 

''  Section  3,  which  deals  with  the  election  at  each  annual  meeting  of  the  Presi- 
dent, Vice-President  and  Secretary  of  the  Institute,  change  President  and  Vice- 
President  to  be  Chairman  aud  Vice-Chairman. 

*'  Nominations  may  also  be  made  viva  voce  at  the  annual  meeting  by  any  properly 
qualified  voter. 

''The  Directors  shall  appoint  a  business  manager  who  shall,  under  the  instruo- 
tioDS  of  the  Board,  have  charse  of  the  business  affairs  of  the  Institute.  The  duties 
of  the  Business  Manager  shall  be  such  as  the  Board  may  assi^  to  him  and  must 
not  include  incurring  of  expense  not  provided  for  by  appropriations  nor  the  dis- 
bursal  of  funds  except  as  provided  for  by  the  Constitution.  The  salary  of  the 
Manager  shall  be  fixed  by  the  Board,  and  he  shall  hold  office  during  its  pleasure. '^ 

*  Printed  in  Announcement  No.  8,  and  sent  to  the  membership  under  date  of 
Oct.  15,  1912. 
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Dr.  A.  R.  Ledoux  moved  that  these  and  any  other  amendments 
to  the  Constitution  which  may  be  proposed  to-day  be  printed  and 
sent  to  the  membership  at  large  for  information.*  He  suggested 
that  an  informal  discussion  could  be  held  at  a  session  of  the  Cleve- 
land meeting,!  and  that  said  amendments  in  final  form  could  be 
again  submitted  at  an  adjournment  of  the  present  adjourned  meetr 
ing,  for  vote  at  the  Annual  Business  Meeting,  Feb.  18,  1913.  After 
general  discussion  by  Messrs.  A.  R.  Ledoux,  C.  Kirchhofif,  C.  R. 
Corning,  P.  N.  Moore,  Joseph  W.  Richards,  C.  P.  Perin,  the  motion 
was  carried. 

Certain  proposed  amendments  to  the  By-Laws  *  were  presented 
by  Messrs.  C.  R.  Corning  and  George  C.  Stone,  and  after  general 
discussion  by  Messrs.  Hennen  Jennings,  P.  N.  Moore,  C.  R.  Com- 
ing, Sidney  J.  Jennings,  C.  P.  Rand,  George  C.  Stone,  Joseph  W. 
Richards,  and  E.  W.  Parker,  it  was 

Voted :  To  print  and  send  to  the  membership  at  large  these  pro- 
posed amendments  to  the  By-Laws ;  also  a  brief  circular  letter  sum- 
marizing the  chief  points  at  issue.* 

On  motion  by  P.  N.  Moore,  seconded  by  C.  R.  Coming,  it  was 

Voted :  That  it  is  the  sense  of  this  meeting  that  the  dual  system 
of  government  should  be  abolished ;  and  to  that  end  the  Committee 
on  Amendments  to  the  Constitution  (Messrs.  Richards,  Kirchhoff 
and  Rand)  be  requested  to  take  action ;  and  that  the  Council  be 
directed  to  take  action  toward  unifying  the  two  governing  bodies 
of  the  Institute;  or  else  toward  defining  with  absolute  clearness  the 
restrictive  functions  of  each  body. 

Mr.  C.  F.  Rand  presented  the  following  resolutions  : 

Resolved^  That  the  report  of  the  Committee  of  Five,  which  has  al- 
ready been  received  and  distributed  to  members,  be  now  filed  with 
the  accompanying  documents  in  the  archives  of  the  Institute,  and 
further 

Beaolved,  That  the  thanks  of  the  Institute  are  due  and  are  hereby 
extended  to  C.  R.  Corning,  Chairman;  J.  F.  Kemp,  G.  C.  Stone,  W. 
H.  Nichols,  Jr.,  and  A.  R.  Ledoux,  the  members  of  the  Committee 
of  Five,  for  their  services  in  the  preparation  of  their  report. 

Besolvedy  That  the  Committee  be,  and  the  same  is,  hereby  dis- 
charged. 

These  resolutions  were  seconded  by  C,  Kirchhofif  as  one  of  the 
representatives  of  more  than  one  thousand  members  of  the  Insti- 
tute ;  and  the  vote  in  favor  was  unanimous. 

The  meeting  was  adjourned  until  Tuesday,  Nov.  12,  1912,  at 
10  a.  m.,  at  Institute  Headquarters  in  New  York  City. 


An  abstract  of  the  minutes  of  the  business  session  of  the  Insti- 
tute, held  at  Cleveland,  Oct.  30,  1912,  is  given  in  the  Proceedings 
of  the  One  Hundred  and  Third  Meeting,  Cleveland,  Ohio,  pp.  1345 
to  1355  of  this  issue  of  the  Bulletin. 

*  Printed  in  Announcement  No.  8,  and  sent  to  the  membership  ander  date  of 
Oct.  15, 1912. 

t  See  pp.  1347  to  1349  of  this  Bulletin, 
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A  New  Volume  on  Ore-Deposits. 

Ore^Depoaits — a  continuation  of  the  "  Poaepny  "  Volume. 

Comprising  Papers  Descriptive  of  Ore-Deposits  and  Discussions  of 
Their  Origin,  Edited,  with  an  Introduction,  by  Dr.  S.  F.  Emmons. 
The  volume  contains  also  a  Biographical  Notice  of  Dr.  Emmons  by 
his  associate  and  friend,  Dr.  George  P.  Becker,  and  a  comprehensive 
Bibliographical  Index  of  the  Science  of  Ore-Deposits,  prepared  by 
Prof.  John  D.  Irving,  of  the  SheflBeld  Scientific  School  of  Yale  Uni- 
versity. Dr.  Emmons  had  finished  his  editorial  work  and  written 
his  Introduction  before  his  lamented  death  in  1910  •  and  the  Volume 
contains  his  last  words  upon  the  subject  to  which  ne  had  given  the 
work  of  his  life,  and  on  which  he  was  justly  regarded  as  the  foremost 
authority. 

Further  details  concerning  time  of  publication,  price,  etc.,  will 
follow. 

Library   Research-Work. 

The  attention  of  members  of  the  Institute  is  again  directed  to  the 
research-work  done  by  the  librarian  and  his  assistants,  which  should 
attract  special  attention  from  those  members  who  have  no  access  to 
the  literature  of  subjects  in  which  they  may  be  interested. 

During  the  year  1911  there  were  143  searches  made  for  members 
and  non-members  of  the  Founder  Societies,  and  copies  of  the  ref- 
erences have  been  preserved  for  the  use  of  others.  This  work  has 
been  largely  based  on  requests  sent  in  by  mail,  from  Japan,  South 
Africa,  Mexico,  Canada,  and  England,  as  well  as  from  different  parts 
of  the  United  States.  The  Librarian  is  confident  that  if  it  were 
•  more  widely  known  that  the  library  is  equipped  to  undertake  re- 
searches, the  demand  would  increase  beyond  the  ability  of  the 
present  force  to  handle  it.  The  library  receives  more  than  700  tech- 
nical periodicals  which  are  available  through  the  indexes  for  this 
special  purpose. 

Back  Volumes  of  the  Transactions. 

The  Board  of  Directors  has  authorized  the  following  offers  of  sets 
of  back  volumes  of  the  Transactixms^  at  considerably  reduced  prices, 
to  Members,  Libraries,  and  Scientific  Societies : 

Per  Set. 

I.  Five  volumes,  bound  in  half-morocco,  from  No.  36  (1906) 

to  No.  40  (1910), $20 

II.  Ten  volumes,  hound  in  half-morocco,  from  No.  31  (1902) 

to  No.  40  (1910),  including  Mexican  Volume,    .        .      35 

III.  Twenty  volumes,  bound  in  half-morocco,  from  No.  21 

(1893)  to  No.  40  (1910), 50 

IV.  Thirty  volumes,  bound   in   half-morocco,  from   No.  11 

(1883)  to  No.  40(1910), 60 

V.  Thirty-nine  volumes,  bound  in  half-morocco,  from  No.  1 
(1873)  to  No.  40  (1910),  with  the  exception  of  No.  10 
(1882),  but  including  index  for  Volumes  Nos.  1  to  35, 

and  Nos.  36  to  40, 75 

VI.  Nine  volumes,  bound  in  half-morocco,  from  No.  1  (1873) 

to  No.  9  (1881), 26 

Applications  should  be  addressed  to  Joseph  Struthers,  Secretary, 
29  West  39th  Street,  New  York,  N.  Y.  r^^^^T^ 
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The  Emmons  Research  Fellowship  of  Economic 

Geology. 

The  Committee  nam«d  below  has  been  formed  by  friends  of 
Samuel  Franklin  Emmons,  late  of  the  United  States  Greological 
Survey,  to  consider  the  best  method  of  perpetuating  his  name.  It 
has  been  decided  that  the  memorial  to  him  shall  take  the  shape  of 
a  Research  Fellowship,  to  be  known  as  the  Samuel  Franklin 
Emmons  Research  Fellowship  of  Economic  Geology,  which  is  to  be 
administered  by  Prof.  James  F.  Kemp,  of  Columbia  University, 
New  York.  Subscriptions  are  invited  Dy  his  friends  to  this  fund, 
which  the  Committee  has  fixed  at  $25,000. 

Members  of  the  Institute  who  desire  to  contribute  to  this  fund 
will  please  communicate  with  the  Treasurer,  Benjamin  B.  Lawrence, 
60  Wall  Street,  New  York. 

The  Committee  consists  of  the  following : 

George  Otis  Smith,  Director,  U.  S.  Geological  Survey,  Wash- 
ington, D.  C. 

H.  L.  Smyth,  Harvard  University,  Cambridge,  Mass. 

James  Douglas,  99  John  Street,  New  York,  N.  Y. 

J.  A.  Holmes,  Director,  Bureau  of  Mines,  Washington,  D.  C. 

James  F.  Kemp,  Columbia  University,  New  York,  N.  Y. 

F.  W.  Bradley,  San  Francisco,  Cal. 

J.  Parke  Channing,  42  Broadway,  New  York,  N.  Y. 

Seeley  W.  Mudd,  1001  Central  Building,  Los  Angeles,  Cal. 

D.  W.  Brunton,  Denver,  Colo. 

H.  Foster  Bain,  420  Market  Street,  San  Francisco,  Cal. 

T.  A.  RicKARD,  London,  England. 

B.  B.  Lawrence,  60  Wall  Street,  New  York,  N.  Y. 
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LIBRARY, 

American  Institute  of  Electrical  Engineers. 
American  Society  of  Mechanical  Engineers. 
American  Institute  of  Mining  Engineers. 
United  Engineering  Society. 

William  P.  Cuttsr,  Librarian. 

The  libraries  of  the  above-named  Societies  are  open  from  9  a.m. 
to  9  P.M.  on  all  week-days,  except  holidays,  from  September  1  to 
June  30,  and  from  9  a.m.  to  6  p.m.  during  July  and  August 

The  Library  contains  about  60,000  volumes,  including  sets  of  tech- 
nical periodicals  and  the  publications  of  scientific  and  technical 
societies. 

The  members  of  the  Institute,  with  few  exceptions,  are  by  the 
very  nature  of  their  profession  forced  to  spend  a  large  portion  of 
their  time  in  localities  isolated  from  sources  of  information.  To 
such  members  the  Library  can  render  valuable  service  through  cor- 
respondence, and  letters  requesting  information  will  receive  special 
attention.  The  Library  is  prepared  to  furnish  references  and  copies 
of  articles  on  mining  and  metallurgical  subjects ;  to  determine,  if 
possible,  the  existence  of  mining-maps,  and  to  furnish  general  in- 
formation as  to  the  geology  and  mineral  resources  of  all  countries 
as  far  as  these  resources  are  known  and  published. 

It  is  hoped  that  the  members  of  the  Institute  will  avail  them- 
selves freely  of  this  special  service.  The  Library  will  welcome  in- 
quiries on  engineering  subjects,  and  furnish  information  as  far  as 
such  information  is  to  be  obtained. 

All  communications  should  be  made  as  definite  as  possible  so  that 
the  information  received  may  be  what  is  desired  and  not  include 
collateral  matter  which  may  not  be  of  interest.  In  this  way  the  time 
spent  in  searching  for  such  collateral  matter  will  be  saved,  and  as  a 
result  the  information  will  be  sent  more  promptly  and  in  more  usable 
shape. 

Tne  members  of  the  Institute  can  be  of  service  to  the  Library  by 
forwarding  copies  of  mining-reports,  maps  privately  issued,  and 
similar  material,  which  will  be  classified,  indexed,  and  made  avail- 
able to  other  members. 

Suggestions  for  additions  to  the  Library,  either  by  purchase  or 
personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that 
members  while  in  the  city  will  use  the  Library  freely,  and  assur- 
ance is  given  that  most  careful  service  will  be  rendered  to  them. 
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Library  Accessions. 

Oct  1  to  Oct  31,  1912. 

[Copies  of  the  list  of  additions  to  the  Libraries  of  the  American  Society  of 
Mechanical  Engineers  and  the  American  Institute  of  Electrical  Engineers  can 
be  obtained  on  application  to  the  Secretary  of  the  American  Institute  of  Mining 
Engineers.] 

Mbtallography  op  Iron  and  Steel.     By  Albert  Sauveur.     Cambridge,  1911 

Price,  $6.     (Gift  of  Sauveur  &  Boylston.) 
A  notice  of  this  volume  appeared  in  Bulletin  No.  70,  October,  1912,  under  the 
erroneous  title,  ^'  Metallurgy  of  Iron  and  Steel.'' 
Antimony  Mining  Industry  and  the  Distribution  of  Antimony  Orbb  nr 

New  South  Wales.     Sydney,  1912.     (Exchange.) 
Armstrong  College.     Calendar,  1912-13.    London,  1912.    (Gift  of  Armstrong 

College.) 
Belgium.     MiNiSTi^RE  de  l'Interieur.     Annuaire  statistique  de  la  fielgique  et 

du  Congo  Beige.     Tome  XLIl.,  1911.     Bruxelles,  1912.     (Gift  of  Mimstdie 

de  rint^rieur.) 
Bilder  und  Zahlen  aus  DEM  Bergraue  Osterrkichs.     Festgabe  an  die  teil- 

nehmer  des  Allgemeinen  Bergmannstagee.   Wien,  1912.    (Gift  of  O.  H.  Hahn.) 

[Note. — This  handsome  quarto  is  a  souvenir,  prepared  by  a  Committee  for  pres- 
entation to  the  delegates  attending  the  General  Miners*  Parliament,  held  this  year 
in  Vienna.  It  presents  in  official  tables  and  graphic  diagrams  the  extent  of  the 
Austrian  production  of  coal  and  lignite,  coke,  iron,  gold,  silver,  mercury,  lead, 
zinc,  bismuth,  antimony,  uranium,  sulphur,  graphite,  asphalt,  salt,  and  petroleam, 
together  with  data  of  wages,  aocidentB,  etc. ;  and  it  is  adorned  with  a  lai^  number 
of  excellent  half-tone  pictures  of  mining  localities  and  works,  which  make  it  u 
beautiful  as  it  is  useful.—R.  W.  R.] 

Broken  Hill  South  Silver  Mining  Co.  Reports^  Statements  of  Accounts,  etc, 
for  half-year  ended  June  30,  1912.  Melbourne,  1912.  (Gift  of  W.  E.  Wain- 
wright. ) 

Canada.  Mines  Department.  Geology  and  Ore  Deposits  of  Phoenix  Boundary 
District,  British  Columbia.     (Memoir  No.  21.)    Ottawa,  1912.     (Exchange.) 

Southern  Vancouver  Island.    (Memoir  No.  13.)   Ottawa,  1912.   (Exchange.) 

Report  on  the  Building  and  Ornamental  Stones  of  Canada.     Vol.  1.    Ot^ 

tawa,  1912.     (Exchange.) 

Report  on  the  Utilization  of  Peat  Fuel  for  the  Production  of  Power.    (No. 

154.)    Ottawa,  1912.     (Exchange.) 

Summary  Report  of  the '  G^logical  Survey  Branch,  1911.     Ottawa,  1911 


(Exchange.) 

Canal  Record.     Vol.  5,  1911-1912.     Ancon,  Canal  Zone,  1912.     (Gift  of  Isth- 
mian Canal  Commission. ) 
Carnegie  Library  op  Pittsburgh.     Classified  Catalogue,  Part  1,  1907-1911. 

Pittsburgh,  1912.     (Exchange.) 
CoMiT^  DEB  Forges  de  France.    Annuaire,  1912-13.    Paris,  1912.    (Exchange.) 
Consolidated  Mining  &  Smelting  Co.  of  Canada,  Ltd.     Report  of  the  Di- 
rectors, 1912.     Toronto,  1912.     (Gift  of  Consolidated  Mining  &  Smelting  Co. 
of  Canada,  Ltd. ) 
Copper  Mines  of  the  Ural  Region.    By  H.  W.  Turner.    N.  p.,  n.  d.    (Gift.) 
Digest  of  Workmen's  Compensation  Laws,  1912.     A  reference  work  for  the 
legislator,  lawyer,  insurance  expert,   employer  and  employee.     N.p.,  1912. 
(Qift  of  National  Association  of  Manufacturers.)     Price,  25  cents.) 

[Note. — This  useful  pamphlet,  prepared  by  the  National  Association  of  Manu- 
facturers and  the  Manufacturers'  Association  of  Connecticut,  gives  concise  but  com- 
plete details  of  the  workmen's  compensation  laws  of  fourteen  States.  This  informa- 
tion is  so  grouped  as  to  give  of  each  particular  subject  involved  a  comparative  view, 
showing  how  each  State  has  treated  it.     As  the  title-page  intimates,  such  a  corn- 
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piehensiye  exhibit  is  indispensable  to  legislators,  lawyers,  insurance  experts,  em- 
ployers and  employees.  The  various  statutes  here  analyzed  and  compared  are  so 
many  experiments,  the  results  of  which  should  lead  to  the  ^neral  adoption  of  a 
wise  and  practicable,  as  well  as  just  and  humane,  system  of  distributing  among  the 
three  parties  concerned — the  employer,  the  employee  and  the  community — the 
burden  of  industrial  accidents  to  health,  limb  or  life. — R.  W.  R.] 

Da8  Erd^Jl  und  Seine  Verwandten.  Ed.  3.  By  Hans  von  Hofer.  Braun* 
schweig,  1912.     (Gift  of  Author.) 

[Note. — It  is  hardly  necessarv  to  say  more  of  this  book  than  that  it  is  a  third 
and  enlarged  edition  of  the  well-known  classic  work  with  which  Councilor  Hofer's 
name  is  associated,  and  which  constitutes  perhaps  the  most  valuable  of  his  manpr 
noteworthy  contributions  to  technical  literature.  It  is  dedicated '4n  full  grati- 
tude "  to  four  societies  of  which  the  author  is  an  honorary  member ;  and  this  insti- 
tute heads  the  list.  The  second  edition  appeared  in  1906,  eighteen  years  after  the 
first.  This  one  follows  after  only  five  years — a  striking  evi(&noe  of  the  increased 
interest  in  its  subject  and  the  rapid  growth  of  knowledge  and  theory  concerning 
petroleum  and  the  bitumens.  Tne  most  striking  and  important  part  of  this  great 
work  is  the  wonderfully  comprehensive,  critical  discussion  of  the  numerous  theories 
of  the  origin  of  petroleum  and  the  formation  of  oiUdeponits.  This  has  been  brought 
up  to  date  by  the  inclusion  of  such  modem  investigations  as  those  of  Engler.  The 
author  still  adheres  to  the  view  which  he  has  done  so  much  to  expound  and  defend 
— ^that  petroleum  is  derived  from  organic  material,  chiefly  of  animal  character, 
thoagh  he  does  not  exclude  the  co-operation  of  certain  oil-  or  wax-bearing  plants, 
such  as  distomacea  and  fungi.  His  masterlv  summary  of  the  arguments  of  all 
parties  is  a  history  as  well  as  a  judgment,  and,  taken  tojg[ether  with  his  abundant 
references  to  original  sources,  practically  exhausts  the  literature  of  the  subject. — 
R.  W.  R] 

Gazeteer  of  Surface  Waters  of  California.  Part  II.  San  Joaquin  River 
Basin.  Water  Supply  Paper  No.  296,  U.  S.  Geological  Survey.  Washington, 
1912.     (Exchange.) 

HxTCH  Hetchy  Water  Supply  for  San  Francisco,  1912.  Report  by  John 
R.  Freeman.    San  Francisco,  1912.     Price,  $3.     (Gift  of  John  K.  Freeman.) 

India  Mines  Department.  Report  of  the  Chief  Inspector  of  Mines,  1911.  Cal- 
cutta, 191 2.     ( Exchange. ) 

Iron  Industry  in  Russia.  Economical  Statistical  Sketch.  (In  Russian.)  St 
Petersburg,  1911.     (Purchase.) 

Iron  Ores  of  Missouri.  (Missouri  Bureau  of  Geology  and  Mines.  Second  Ser- 
ies, Vol.  X.)    Jefferson  Qty,  1912.     (Exchange.) 

Jaabverslao  der  Tinwinnino  op  Banka  over  het  Exploitatiejaar,  1910- 
1911.     Batavia,  1912.     (Exchange.) 

Kauri  Gum  Mining  jn  New  Zealand.  By  R.  A.  F.  Penrose.  Reprint  from 
Journal  of  Geology,  Vol.  XX.,  No.  1.     N.p.,  n.d.     (Gift  of  Author.) 

Keweenaw  Series  of  Michigan.  Vols.  1-2.  By  A.  C.  Lane.  Publication  6, 
Geological  Series  4,  Michigan  Geological  and  Biological  Survey.  Lansing, 
1911.     (Exchange.) 

Maine  Society  of  Civil  Engineers.  Constitution,  Proceedings  and  List  of 
Members,  No.  1,  1911.  Augusta,  1911.  (Gift  of  Maine  Society  of  Civil 
Engineers.) 

Michigan  Geological  and  Biological  Survey.  Publication  6,  Geological 
Series  4,  Vols.  I.-IL  ;  Publication  8,  Geological  Series  6.  Lansing,  1911-12. 
(Exchange.) 

Mineral  Resources  of  Michigan,  with  Statistical  Tables  of  Produc- 
tion AND  Value  of  Mineral  Produots  for  1910  and  Prior  Years. 
Publication  8,  Geological  Series  6,  Michigan  Geological  and  Biological  Sur- 
vey.    Liansing,  1912.     (Exchange.) 

Mining  World  Index  of  Current  Literature.  Vol.  L,  1912.  Chicago,  1912. 
(Gift  of  Mining  World  Co. ) 

{Note. — There  is  no  doubt  of  the  usefulness  of  such  a  bibliography  as  this.    The 
y  question  that  can  arise  concerning  it  is,  whether  it  has  been  well  done ;  and 
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this  will  be  answered  in  the  affirmative  by  aay  one  who  will  examine  the  book. 
The  contents  are  arranged  under  convenient  ht^adings,  in  three  parts,  entitled  re- 
spectively Geographies,  Ores  and  Mineral  Products,  and  Technologv.  The  entries 
snow  the  author's  name  ;  the  title ;  the  periodical,  page  and  date  ;  the  approximate 
number  of  words  ;  and  the  price.  There  is  also  an  alphabetical  index  of  authors 
and  another  of  subjects. — R.  W.  R.] 

Missouri  Bureau  of  Geoloot  and  Mutes.  Second  Series.  Vol.  X.  Jeffer- 
son City,  1912.     ( Exchange. ) 

New  South  Wales — Mines  Department.  Mineral  Resources.  No.  16.  Sjd- 
ney,  1912.     (Exchange.) 

New  Zealand — Geological  Survey  Branch.  Bnlletin  No.  14.  Wellington, 
1912.     (Exchange.) 

North  of  England  Institute  of  Mining  asd  Mechanical  E.soineers. 
Annual  Report  of  the  Council  and  Accounts  for  the  Year  1911-12.  Newcas- 
tle-upon  Tyne,  1912.     (Exchange.) 

Ontario  Bureau  or  Mines.  Report  Vol.  XXI.  Part  2.  Toronto,  1912. 
(Gift  of  Ontario  Bureau  of  Mines. ) 

Oriental  Consolidated  Mining  Co.  Report,  1912.  New  York,  1912.  (Gift 
of  Oriental  Consolidated  Mining  Co. ) 

Princeton  Engineering  Association.  Officers,  Constitution,  and  List  of  Mem- 
bers, 1912-13.     N.  p.,  n.  d.     (Gift  of  Princeton  Engineering  Association.) 

Beading  Iron  Co.  Wrought  Iron  Pipe  vs.  Steel  Pipe.  Testimony  and  Argu- 
ments.    Reading,  1912.     (Gift  of  Reading  Iron  Co. ) 

Results  of  Spirit  Leveling  in  New  York,  1906-1911,  Inclusive.  Bulletin 
No.  614,  U.  S.  Geological  Survey.     Washington,  1912.     (Exchange.) 

Results  of  Spirit  Leveling  in  Tennessee,  1910-11.  Bulletin  No.  519,  U.  8. 
Geological  Survey.     Washington,  1912.     (Exchange.) 

Ri vista  DEL  Ser VI zio  MiNERARio  NEL,  1911.     Roma,  1912.     (Exchange.) 

Standard  Specifications,  Uniform  Procedure,  and  Forms  Relating  to 
Coal.  (City  of  New  York,  Department  of  Water  Supply,  Gas,  and  Elec- 
tricity. Bureau  of  Economy  and  Efficiency,  Bulletin  No.  2,  Feb.,  1912.) 
New  York,  1912.     (Gift  of  J.  L.  Pultz.) 

Surface  Water  Supply  op  the  United  States,  1910.  Part  XI.  Pacific  Coast 
in  California.  (Water  Supply  Paper  No.  291,  U.  S.  Geological  Survey.) 
Washington,  1912.     (Exchange.)   • 

Sydney  University  Engineering  Society.  Proceedings.  Vol.  XVf.  Syd- 
ney, 1911.     (Exchange.) 

Union  des  Ingenieurs  Sortis  des  Ecoles  Sp^x^iales  de  Lou  vain.  Bulletin. 
2d  Ser.,  Vol.  VI-,  Book  4,  1912.     Bruxelles,  1912.     (Gift) 

Union  of  South  Africa.  Mines  Department.  Annual  Report.  Part  I.  and 
II.     Pretoria,  1912.     (Gift  of  Mines  Department  of  Union  of  South  Africa.) 

U.  S.  Bureau  of  Mines.    Bulletin.   No8.44,  47.    Washington,  1912.  (Exchange.) 

Technical  Paper.     Nos.  22,  24,  26.     Washington,  1912.     (Exchange.) 

U.  S.  Coast  and  Geodetic  Survey.  Effect  of  Topography  and  IsosUtic  Com- 
pensation upon  the  Intensity  of  Gravity.  (Second  paper.)  By  Wm.  Bowie. 
Washington,  1912.     (Exchange.) 

U.  S.  Geological  Survey.  Bulletin.  Nos.  514,  519.  Washington,  1912.  (Ex- 
change. ) 

Geologic  Atlas  of  the   United  States.      Folio  No.   183  (Llano-Bumet, 

Texas).     Washington,  1912.    (Exchange.) 

Water  Supply  Paper.     Nos.  291,  296.     Washington,  1912.     (Exchange.) 

Western  Australia.  Mines  Department.  Report,  1911.  Perth,  1912. 
(Exchange.) 

Gift  of  Hill  Publishing  Co. 

American  Association  of  Commerce  and  Trade  in  Berlin.  Yearbook,  1912. 
Berlin,  1912. 
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Canada.     Customs  Department.    Report,  1912.    Ottawa,  1912. 

Trade  and  nayigation.     Unrevised  monthly  statemeats  of  imports  entered 

for  consumption,  July,  1912.     Ottawa,  1912. 

India.     Survey.    On  the  Origin  of  the  Himalaya  Mountains.    Calcutta,  1912. 

Norway.  Statistiske  Cbntralbyraa.  Korges  Handel,  1911.  Kristiania, 
1912. 

Paint  Creek  Situation.     A  review  from  the  Operator's  Standpoint.     N.d. 

Revised  Mining  Laws  of  the  State  of  Iowa,  May  15, 1911.    Des  Moines,  1911. 

Robinson,  Neil..  **  West  Virginia  on  tljte  Brink  of  a  Labor  Struggle."  Charles- 
ton, 1912. 

SvERiOES  Officiella  Statistik.     Bergshanftering  ar  1911.     Stockholm,  1912. 

Trade  Cataix)gues. 

Asbestos  Protected  Metal  Co.,  Beaver  Falls,  Pa. 

Bulletin  No.  16.     A.  P.  M.  roofing  and  siding. 

Bulletin  No.  61.    Asbestosteel  concrete  roof  and  floor. 
Chicago  Pneumatic  Tool  Co.,  Chicago,  111.     Bulletin  No.   121.      Pneumatic 

rammers  and  foundry  equipment,  1912.     7  pages. 
Jeffrey  Manufacturing  Co.,  Columbus,   Ohio.     Bulletin  No.   19  A.    Ball- 
bearing motors  for  mine  service.     4  pages. 
A.  Leshen  &  Pons  Rope  Co.,  St.  Louis,  Mo.    Leschen's  Hercules.    Oct.,  1912. 
McKiernan-Tbrry  Drill  Co.,  New  York,  N.  Y.    **  Busy  Bee  "  hammer  drills. 

15  paqges. 
Mine  &  Smelter  Supply  Co.,  Denver,  Colo.     Bulletin  No.  26.    No.  6  Wilfley 

concentrator.     19  pages. 
Stephens- A  damson  Mfg.  Co.,  Aurora,  III.     Labor  saver,  Oct.,  1912. 
Universal  Crusher  Co.,  Cedar  Rapids,  Iowa.    Some  facts  about  the  Velten 

Universal  Crusher. 
Webster  Mfg.  Co.,  Chicago,  IlL     Webster  method.    Sept.,  1912. 

United  Engineering  Society  Library. 

Edward  Henry  Harriman.     By  John  Muir.    New  York,  1912.     (Gift  of 

Doubleday,  Page  &  Co. ) 
Publishers'  Trade  List  Annual,  1912.    New  York,  1912.     (Purchase.) 
United  States  Catalog  Books  in  Print  January  1,  1912.     £d.  3.    Minne- 
apolis-New York,  H.  W.  Wilson  Co.,  1912.     (Purchase.) 

Trade  Catalogues. 

New  York  Air  Brake  Co.,  New  York,  N.  Y.     Circular  No.  49  A.    Locomo- 
tive foundation  driver  brakes.     Schedule  and  prices. 
Parkesbubg  Iron  Co.,  Parkesburg,  Pa.     Descriptive  Catalogue.    43  pages. 
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MEMBERSHIP. 

New  Members. 

The  following  list  comprises  the  names  of  those  persons  elected 
as  members  who  accepted  election  during  the  month  of  October, 
1912: 

M&mhers, 

Abbott,  Robert  R,  Met.  Engr Peerlem  Motor  Car  Co.,  Cleveland,  Ohio. 

Adami,  Charles  J.,  Min.  Engr Bivermines,  Mo. 

Ammon,  Mark  a.,  Met.  Engr Peerless  Motor  Car  Co.,  Cleveland,  Ohio. 

Barnard,  Enoch  A.,  Asst.  Testing  Engr.,  Washoe  Smelter, 

P.  O.  Box  275,  Anaconda,  Mont. 

Barnes,  Walter  A.,  Min.  Engr Utah  Metal  Mining  Co.,  Tooele,  Utah. 

Barratt,  Sydney  A.,  Supt.,  Ponupo  Mangnnese  Co., 

£1  Cuero  Iron  Mines,  Santiago  de  Cuba,  Cuba. 

Best,  William  N.,  Engr.  in  Caloric 11  Broadway,  i^ew  York,  N.  Y. 

BoROWSKY,  Abraham  G.,  Secy.,  Penn  Rivet  Mfg.  Co.,  Inc., 

11th  and  Cambria  Sts.,  Philadelphia,  Pa. 

Broden,  Albert Supt.  Blast  Fum.,  Reading  Iron  Co.,  Re&aing,  Pa. 

Brown,  Halcombe  J.,  Vice-Prest.  and  Secy., 

Crown  Gypsum  Co.,  31  Main  St.,  Buffalo,  N.  Y. 

BuRLEY,  Curtfs  R.,  Chem Gem,  Idaho. 

Callaway,  Fred.  W.,  Min.  Engr.,  Bunker  Hill  &  Sullivan  M.  &  C.  Co.,  • 

Kellogg,  Idaho. 
Cantlby,  Charlss  L.,  Asst.  to  Genl.  Mgr., 

Nova  Scotia  Steel  &  Coal  (>).,  Ltd.,  New  Glasgow,  N.  S.,  Canada. 
Cousin,  Robert,  Min.  Engr.,  95  Muirkirk  Rd.,  Catford,  London,  S.  E.,  England. 
CoYLE,  John  A.,  Supt.,  Hess  Steel  Castings  Co.,  P.  O.  Box  476,  Bridg«ton,  N.  J. 
DiCKERMAN,  William  C,  Vice-Prest.,  Am.  Car  &  Fdy.  Co., 

165  Broadway,  New  York,  N.  Y. 
DowB,  David,  Ore  Concentration,  American  Grondal  Co., 

50  Church  St.,  New  York,  N.  Y. 

Garnier,  Thomas  R.,  Min.  Engr 1735  Mission  St.,  So.  Pasadena,  Cal. 

Goltra,  Edward  F.,  Pres.,  Missouri  Iron  Co... .La  Salle  Bldg.,  St.  Louis,  Mo. 
Grace,  Eugene  G.,  Vice-Prest.  and  Genl.  Mgr., 

Bethlehem  Steel  Co.,  So.  Bethlehem,  Pa. 

Greenouoh,  W.  Earl,  Mining Wallace,  Idaho. 

Hall,  John  H.,  Met.  Engr Taylor  Iron  &  Steel  Co.,  Highbridge,  N.  J. 

Hartman,  William  £.,  Mng.  Engr.,  H.  Koppers  Co.,  5  Wabash  Ave., 

Chicago,  III. 
HuNNiNOS,  Samuel  V.,  Chem.  and  Engr.  of  Tests, 

American  Locomotive  Co.,  Schenectady,  N.  Y. 

Jayne,  Ambl  R.,  Min.  Engr 319  New  York  Blk.,  Seattle,  Wa«h. 

Kinney,  Harry  D.,  Min.  Engr Utah  Metal  Mining  Co.,  Tooele,  Utah. 

'  EiRKLAND,  Thornton  C,  Asst.  Mgr.,  Cia.  Met.  y  Refinadora  del  Pacifico,  8.  A., 

Fundicion,  Son.,  Mexico. 
Elepinger,  John  H.,  Asst.  Supt,  B.  &  M.  Redn.  Wks., 

Anaconda  Copper  Mining  Co.,  Great  Falls,  Mont. 
Elopstock,  Paul,  Genl.  Mgr.,  Gold  Note  Mm.  &  Mil.  Co., 

Kennedy,  Nev. 
Landqrebe,  Karl  L.,  Supt.  Blast  Fum.,  Tenn.  C.  I.  &  R.  R.  Co.,  Ensley,  Ala. 

LiNDAu,  Sam  P.,  Chem Swansea,  Arii. 

Linhardt,  Harvey  W.,  Blast  Fum.  Engr., 

Columbus  Iron  &  Steel  Co.,  Columbus,  Ohio. 

LiPSooMB,  Robert  A.,  Fumace  Supt Low  Moor,  Va. 

McKeb,  William  C,  Asst.  Supt.  Blast  Fum.,  3154  Aldis  Ave., 

Indiana  Harbor,  Ind. 
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MgLbod,  Howard  D.,  Mgr.,  Min.  Dept., 

Seattle  GoDst.  &  Dry  Dock  Co.,  Seattle,  Wash. 

MooNEY,  James  D.,  Sales  Engr Leonard  Hotel,  Butte,  Mont 

MoBOAN,  GeoboeH.,  Min.  Engr P.  O.  Box  795,  Globe,  Ariz. 

MOBROW,  Batard  S.,  Min.  Engr P.  O.  Box  102,  Gem,  Idaho. 

MoBSE,  George  H.,  Min.  Engr Pocahontas,  Alta.,  Canada. 

Newhall,  Henry  B.,  Jr.,  Contracting 90  West  St,  New  York,  N.  Y. 

Obbro,  Anton  C,  Asst.  Chief  Min.  Engr.,  Arthur  Iron  Mining  Co., 

Hibbing,  Minn. 

Parrock,  H.  p.,  Engr Lumen  Bearing  Co.,  Buffalo,  N.  Y. 

Perry,  William  C,  Min.  Engr Davis  Coal  &  Coke  Co.,  Cumberland,  Md. 

Prbston,  Veryl Prest.  Eastern  Steel  Co.,  60  Broadway,  New  York,  N.  Y. 

Prickett,  William  C,  Min.  and  Mech.  Engr., 

1212  N.  12th  Ave.,  Birmingham,  Ala. 

BoDRN,  Benjamin  F Prest.  Koden  Coal  Co.,  Marvel,  Ala. 

Sargent,  Fitz-Willlam,  Chief  Engr.,  Am.  Brake  Shoe  &  Fdy.  Co., 

Mahwah,  N.  J. 
Saullbs,  Charles  A.  H.  de,  Am.  Smelt.  &  Refin.  Co. , 

165  Broadwav,  New  York,  N.  Y. 

Shimer,  William  R.,  Met Bethlehem  Steel  Co.,  So.  Bethlehem,  Pa. 

Snyder,  HbneyS.,  Vic-e-Prest Bethlehem  Steel  Co.,  So.  Bethlehem,  Pa, 

Thomas,  Perry  C,  Min.  Engr. Maodonald,  W.  Va. 

Thompson,  Frank  E.,  Supt Cambria  Steel  Co.,  Johnstown,  Pa. 

Toy,  Francis  L.,  Met 927  Maryland  Ave.,  Pittsburg,  Pa. 

WiLFLEY,  Clifford  R..  Mgr Bristow  Mine,  Ouray,  Colo. 

Wood,  Frederick  W.,  Prest Maryland  Steel  Co.,  Sparrows  Point,  Md. 

Young,  Charles  D.,  Engr.  of  Tests Pennsylvania  K.  R.,  Altoona,  Pa. 

Associates, 

Crowther,  John  S.,  Jr.,  Blast  Fnrn.  Blower,  420  St.  Louis  St.,  Toledo,  Ohio* 

Eppley,  Marion,  Banker  and  Broker 80  Broadway,  New  York,  N.  Y« 

Ebhleman,  S.  Kendrick,  Jr.,  Steel  and  Iron,  P.  O.  Box  16, 

Leaman  Plnce,  Lancaster  Co  ,  Pa. 
Graef,  Harry  C,  Prest.,  Montana  <&  Mexico  Mining  Co  , 

29  Broadway,  New  York,  N.  Y. 

MuBPHY,  Edward  M.,  Elect  Engr Hecla  Mining  Co.,  Rurke,  Idaho. 

RoBSER,  Ernest  B.,  Min.  Engr Kanawha  Kails,  W.  Va. 

Trotter,  Felix  F.,  Min.  Engr Plaza  Hotel,  Corey,  Ala. 

Yang,  Cho,  Student 484  Berkel  Ave.,  So.  Bethlehem,  Pa. 

Candidates  for  Membership. 

The  following  persons  have  been  proposed  during  the  month  of  Oc- 
tober, 1912,  for  election  as  members  of  the  Institute.  Their  names 
are  published  for  the  information  of  members  and  associates,  from 
whom  the  Committee  on  Membership  earnestly  invites  confidential 
communications,  favorable  or  unfavorable,  concerning  these  candi- 
dates. A  sufiGicient  period  (varying  in  the  discretion  of  the  Com- 
mittee, according  to  the  residence  of  the  candidate)  will  be  allowed 
for  the  reception  of  such  communications,  before  any  action  upon 
these  names  by  the  Committee.  After  the  lapse  of  this  period,  the 
Committee  will  recommend  action  by  the  Council,  which  has  the 
power  of  final  election. 

Members, 

George  Oliver  Deshler,  Dunnfield,  N.  J. 

Proposed  by  N.  S.  Keith,  Edward  Hart,  W.  B.  Marquard. 
Ernest  William  Ellis,  Anaconda,  Mont. 

Proposed  by  C.  D.  Demond,  F.  W.  C.  Whyte,  Richard  S.  McCaffery. 
Henry  Hess,  Bridgeton,  N.  J. 

Proposed  by  Leonard  Waldo,  Bradley  Stoughton,  Louis  D.  Huntoon. 
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Joseph  Park  Hodgson,  Bisbee,  Ariz. 

JProposed  by  Charles  A.  Mitke,  Max  Boesler,  Roger  T.  Pelton. 
P.  Jansen,  Lebong  Tandai,  Sumatra. 

Proposed  by  W.  S.  Brown,  Charles  W.  Merrill,  H,  Foster  Bain. 
Frederick  Gilberts  King,  San  Francisco,  Cal. 

Proposed  by  E.  B.  Kirby,  George  A.  Schroter,  P.  L.  Foster. 
Franz  Hugo  Kleinschmidt,  Landore,  Ida. 

Proposed  by  Marcus  White,  J.  F.  Inglis,  Adin  P.  Tyler. 
Frederick  Laist,  Anaconda,  Mont. 

Proposed  by  E.  P.  Mathewson»  William  Wraith,  C.  W.  Goodale. 
Lloyd  Judkins  Lathrap,  Virginia  City,  Nev. 

Proposed  by  Whitman  Symmes,  Emmet  D.  Boyle,  George  J.  Young. 
Philip  Jay  Lonergan,  Jr.,  Peking,  China. 

Proposed  by  George  W.  Schneider,  C.  T.  Durell,  C.  L.  Colbum. 
Carl  Herbert  Lout,  Rossland,  B.  C,  Can. 

Proposed  by  Richard  S.  McCaflery,  Francis  Jenkins,  C.  A.  Stewart 
Alexander  P.  McClure,  Cleveland,  Ohio. 

Proposed  by  C.  B.  Murray,  J.  E.  Thropp,  Jr.,  R.  H.  Sweetser. 
Henri  Milou,  Houlgate,  Calvados,  France. 

Proposed  by  Auguste  J.  Rossi,  David  T.  Day,  J.  William  Smith. 
Edward  Coke  Morse,  Republic,  Wash. 

Proposed  by  S.  H.  Richardson,  Richard  Marsh,  J.  V.  Richards,  L.  E.  Arm- 
strong. 
Richard  Cunningham  Patterson,  Jr.,  New  York,  N.  Y. 

Proposed  by  J.  F.  Kemp,  Charles  P.  Berkey,  J.  F.  McClelland,  A.  F.  Lucas. 
Gustav  Adolph  Reinhardt,  Cambridge,  Mass. 

Proposed  by  D.  A.  Lyon,  A.  W.  Smith,  Charles  H.  Fulton. 
William  Trevor  Swoyer,  El  Paso.  Texas. 

Proposed  by  Nerval  J.  Welsn,  Kirby  Thomas. 
Jose  Ramon  Villalon,  Havana,  Cuba. 

Proposed  by  F.  L.  Grammer,  Henry  S.  Drinker,  Joseph  W.  Richards. 
Robert  T.  Walker,  Humboldt,  Ariz. 

Proposed  by  Arthur  H.  Wethey,  S.  R.  Trengrove,  Harrington  Blauvelt 
Yinchang  Tsenshan  Wang,  New  York,  N.  Y. 

Proposed  by  J.  F.  Kemp,  Charles  P.  Berkey,  Henry  S.  Munroe. 
Harold  Lee  Welsh,  Anaconda,  MonL 

Proposed  by  C.  D.  Demond,  William  Wraith,  C.  W.  Goodale. 
Charles  Chambers  Wood  house,  Jr.,  Republic,  Wash. 

Proposed  by  Francis  A.  Thomson,  J.  V.  Richards,  L.  K.  Armstrong. 

Associate, 

William  Clifford  Rehfuss,  Philadelphia,  Pa. 

Proposed  by  J.  W.  Richards,  H.  Eckfeldt,  H.  S.  Drinker. 

Changes  of  Address  of  Members. 

The  following  changes  of  address  of  members  have  been  received 
at  the  Secretary's  office  during  the  month  of  October,  1912.  This 
list,  together  with  the  lists  published  in  Bulletin  Nos.  63  to  70, 
March  to  October,  1912,  and  the  foregoing  list  of  new  members, 
therefore,  supplements  the  annual  list  of  members  corrected  to 
Feb.  1, 1912,  and  brings  it  up  to  the  date  of  Nov.  1, 1912. 

Adams,  Arthur  K.,  Min.  Geol Mogollon,  N.  M. 

Adams,  John  C,  Asst.  Genl.  Supt.  of  Mines,  Anaconda  Copper  Mining  Co., 

Butte,  Mont 

Akderson,  Alexander 27  Inverleith  Row,  Edinburgh,  Scotland. 

Banks,  Harry  P Camp  2,  Big  Creek  P.  O,,  Fresno  Co.,  Cal. 
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Bates,  Mowry,  Bates  Bros.,  Inc.,  Building  Construction 

27  William  St,  New  York,  N.  Y. 
Beall,  Albbbt  S.  E.,  Hatfield  Machinery  Co.,  306  E.  3d  St.,  Los  Angeles.  Cal. 

Bbswkb,  Bobebt  E Hinckley  Boad,  Milton,  Mass. 

Browning,  William  C,  Gunn-Thompson  Co.,  Newhouse  Bldg., 

Salt  like  City,  Utah. 

Cabb,  Henby  C Apt.  701,  The  Woodward,  Washington,  D.  C. 

Chadboubne,  H.  W 14  Wall  St.,  New  York,  N.  Y. 

Clark,  Cable  D Care  W.  Rowland  Cox,  165  Broadway,  New  York,  N.  Y. 

Cole,  T.  F 1701  E.  First  St.,  Duluth,  Minn. 

Cook,  Edwabd  H Birimoa,  via  Canelas.  Durango,  Mexico. 

Craufubd,  Alex.  J.  F P.  O.  Box  202,  Rossland,  B.C.,  Canada. 

Cronin,  Paul  B Hampton,  Iowa. 

Dbafeb,  Cabl  H.,  Mesquital  Mining  Co.,  Apartado  157,  Guadalajara,  Jal., 

Mexico. 

Elliott,  Roy  H.,  Mine  Supt Liberty  Bell  G.  M.  Co. ,  Tulluride,  Colo. 

Fbancklyn,  Chables  G 519  Cortlandt  Ave.,  New  York,  N.  Y. 

Fbanee,  Emil  a 914  Lakeside  PL,  Chicago,  Dl. 

Gamm,  Henby  F.  E.,  Chief  Engr.,  Oil  Furnace  &  Engineering  Co., 

60  Liberty  St.,  New  York,  N.  Y. 

Gebhabdt,  Reginald  B 2143  Penn  St,  Harrisburg,  Pa. 

Goodale,  Chables  W.,  Min.  Engr.,  Mgr.  B.  and  M.  Dept., 

Anaconda  Copper  Mininp;  Co.,  Butte,  Mont. 

Gbunsky,  Cabl  E.,  Jb.,  Supt Standard  Consolidated  Mining  Co.,  Bodie,  Cal. 

GwiNN,  James Box  421,  Kellogg,  Idaho. 

Haas,  Hebbebt 524  Merchants  Exch.  Bldg.,  San  Francisco,  Cal. 

Hance,  JambbH 202  PeriySt.,  Elgin,  111. 

Habbis,  Abthub  L Beristain,  Pue.,  Mexico. 

Hibbs,  Joseph  G 613  Pennsylvania  Bldg.,  Philadelphia,  Pa. 

Huang,  Saosan  K P.  O.  Box  66,  Bethlehem,  Pa. 

Ibwin,  Fbedebic 2357  W.  Slst  St.,  Los  Angeles,  Cal. 

Jennings,  Hennen 2221  Massachusetts  Ave.,  Washington,!).  C. 

JuLiHN,  Cabl  E 281  Natoma  St,  San  Francisco,  Cal. 

Lamb,  Mabk  R.,  AUis-Chalmers  Co.,  Casilla  2653,  Santiago,  Chile,  So.  America. 

Landbum,  Chables  W.,  Cons.  Engr 602  Keystone  Bld^.,  Joplin,  Mo. 

Laube,  Fbedebick  E 1710  Eldridge  Ave.,  Bellingham,  Wash. 

Leavell,  John  H Newhouse  Bldg.,  Salt  Lake  City,  Utah. 

LiHME,  ChbistianB 1350  N.  State  St.,  Chicago,  DL 

Lindsay,  Lycubgus 627  Security  Bldg.,  Los  Angeles,  CaL 

McCoLLOM,  C.  R 486  California  Terrace,  Pasadena,  Cal. 

Malcolmson,  Chables  T 2064  McCormick  Bldg.,  Chicago,  111. 

Mein,  William  W.,  Care  Canadian  Mining  &  Exploration  Co.,  Ltd., 

43  Exchange  Place,  New  York,  N.  Y. 
Melliss,  David  E.,  Cons.  Civ.  and  Min.  Engr.,  P.  O.  Box  V,  Mill  Valley,  Cal. 
Milleb,  Abthub  J.,  American  Birect  Concentrating  Co., 

316  South  10th  East  St.,  Salt  Lake  City,  Utah. 

Mostowitsch,  Wladimib Imperial  Technological  Institute,  Tomsk,  Siberia. 

Pabnall,  S.  a 1807  Manhattan  Place,  Los  Angeles,  CaL 

Pabsons,  Cybil  E P.  O.  Box  94,  Salisbury,  Rhodesia,  So.  Africa. 

Pill,  John  R Corona,  Ala. 

Plate,  H.  Robinson,  Min.  Engr 14  Wall  St,  New  York,  N.  Y. 

Pbince,  Ernest 1841  Athen  St.,  Boulder,  Colo. 

Rehfuss,  Louis  A Jackson,  CaL 

Reynolds,  George  B.,  15  Victoria  St.,  Westminster,  London,  S.  W.,  England. 

Schuettenhelm,  John  B Goldfield,  Nev. 

Shallcboss,  Vincent  F 65  St  Georges  Terrace,  Perth,  West  Australia. 

Sheba,  Edwabd  L 421  N.  6th  St,  Tacoma,  Wash. 

Shabwood,  William  J Homestake  Mining  Co.,  Lead,  S.  D. 

Shebbebd,  Alex.  H 754  Parker  St,  Newark,  N.J. 

Smith,  Fbedebick  D.,  Mgr Snow  Creek  Mine,  Greenhorn,  Ore. 

Smith,  Stewabt  K 5541  Maple  Ave.,  St  Louis,  Mo. 

Solomon,  Tomas Apartado  39,  Pachuca,  Hid.,  Mexico. 

Stbono,  Abchibald  McC 530  union  Oil  Bldg^  Los  Angeles,  Cal. 

Textob,  Oscab.... 603  Superior  Ave.,  N.  W.,  Cleveland,  Ohio. 
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Thayee,  Rbqikald  H 12  Windsor  Terrace,  Yonkere,  N.  Y. 

Thomas,  Marion  L.,  Min.  Engr Manzanillo,  Colima,  Mexico. 

TiMM,  JohnM Metzerstraase  53,  Bdle,  Switzerland. 

ToMBO,  Carl 509  W.  122d  St.,  New  York,  N.  Y. 

Trauerman,  Carl  J Butte  Central  Copper  Co.,  Butte,  Mont. 

Truschkoff,  Nicolas,  Mgr.,  Eidertinsky  Gold  Mines,  Russian  Gold 

Exploration  Co.,  Orsk,  Dept.  of  Orenburg,  Russia. 

Turner,  Nathaniel  P Hotel  Camaguej,  Camaguej,  Cuba. 

Tuttle,  Arthur  L.,  Genl.  Supt,  Continental  Mining  Co., 

420  Martin  St.,  San  Antonio,  Texas. 
Tyler,  Nat,  Jr.,  Prest.,  Monarch  Road  Roller  Co.,  50  Church  St., 

New  York,  N.  Y. 

Van  Sltke,  Frederick  E Care  Beckett  &  Anderson,  Glasgow,  Scotland. 

Warden,  Bruce  R.,  Anderson,  Warden  &  Wilkin,  Vancouver  Block, 

Vancouver,  B.  C,  Can. 

Wedge,  Utlet,  Engr.,  Sulphuric  Acid  Expert Ardmore,  Pa. 

Welsh,  Norval  J.JE.,  Genl.  Supt.,  Jarilla  Copper  Synd.,  Inc.,  Orogrande,  N.M. 

Wendel,  Charles  de 56  Ave.  Hoche,  Paris,  France. 

Wheeler,  Archer  E.,  Supt  Redn.  Wks.,  B.  and  M.  Dept, 

Anaconda  Copper  Mining  Co.,  Great  Falls,  Mont 
Williams,  Ralph  B.,  Am.  Smelt.  <&  Refin.  Co., 

Hacienda  Bonanza,  Bonanza,  Zac,  Mexico. 

Wilson,  George  Bennett Racine  Rubber  Co.,  Racine,  Wis. 

WiSHON,  Walter  W 1721  S.  Vermont  Ave.,  Los  Angeles,  Gal. 

Yeandle,  William  H.,  Jr.,  U.  S.  Smelt,  Ref.  &  Min.  Co., 

411  Edificio  de  la  Mutua,  Mexico  City,  Mexico. 
Yonge,  Allen  M La  Union  Mine,  Miramar,  Costa  Rica,  C.  A. 

Addresses  of  Members  and  Associates  Wanted. 

Name .  Last  Address  of  Record,  from  which  Mall  has  been  Retnmed. 

Armstrong,  Richard  E., 416  E.  So.  2d  St,  Salt  Lake  City,  Utah. 

Baxter,  Francis  K.,  Jr., 423  Wells  Fargo  Bldg.,  San  Francisco,  Cal. 

Danforth,  A.  H., Cotopaxi.  Colo. 

David,  W.  M., Care  C.  G.  Hussey  &  Co.,  Second  Ave.,  Pitts- 
burg, Pa. 

Byott,  George  M 50  Church  St,  New  York,  N.  Y. 

Eggers,  John  H.,  Jr., Hughes  Creek  Mine,  Kings  River  P.  0.,  Cal. 

Fergusson,  Hugh  B., 216  Loo  Bldg.,  Vancouver,  B.  C,  Canada. 

Fitzgerald,  Thomas  F.  M. 211  Sharon  Bldg.,  Salt  Lake  City,  Uuh. 

Fumess,  James  W., Coffee,  Trinity  Co.,  Cal. 

Gmelin,  Ernest, Apartado  57,  Aguascalientes,  Mexico. 

Greenley,  LouisA., Dixie  Meadows  Mining  Co.,  Prairie  City,  Ore. 

Higgins,  Edwin, Randsburg,  Cal. 

Hilson,  Cleaveland, Livingston,  Mont. 

Hollis,  R.  W., Silverton,  Colo. 

Horschitz,  Richard  J., P.  O.  Box  453,  Haileybury,  Ont,  Canada. 

Johnson,  Dion  L., 326  Water  St,  Pittsburg,  Pa. 

Lampshue,  John  O., Vulture  Mine,  W^ckenburg,  Ariz. 

Le  Noir,  Frank  H., Box  16.  Mt  Bullion,  Cat 

McDougall,  Walhice  D., 20  Bedford  Place,  Russell  So.,  London,  Eng. 

Mitinskij,  Alexander  N.,    ....  V.  O.  12,  line  33,  St  Petersburg,  Russia. 

Moore,  Boy  W., P.  O.  Box  48,  Velasco,  Tex. 

Munroe,  Martin, Bengal  Coal  Co.,  Murulidih,  Mohada,  R  N. 

Ry.,  Bengal,  India. 

Nelson,  D.W.C., Baker  atv.  Ore. 

Oldfield,  Frank  W., Me  dean  Mines  Co.,  Bolafios,  Jal.,  Mexico. 

Perks,  Harry  B., 419  Board  of  Trade  Bldg.,  Portland,  Ore. 

Peterson,  Frank, H.  W.  Hellman  Bldg.,  Los  Angeles,  Cal. 

Rathborne,  Merwyn  R.  W.,    .   .    .  Amargosa,  via  Laa  Vegas,  Nev. 

Rhew,  James  W.  ,(^.Mineray  Exploradorade  Veatanas,S.  A.,  Ventanas,Dur.,Mex. 

Rickard,  Harold, Foley-O'Brien,  Ltd.,  So.  Porcupine,  Ont,  Canada. 

Sheldon,  Waldo, Urique,  Chih.,  Mexico. 

Thornton,  Edward  T., Apartado  30,  Matehuala,  S.  L.  P.,  Mexico. 
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Twynam,  Henry,    .    •  .  (X  K.  Copper  Mine,  Cairns,  No.  Queensland,  Australia. 

Vinicombe,  Robert  E.B., Poet  BesUnte,  Vladikafkas.  So.  Russia. 

Watson,  Ralph  W., Calloo,  Utah,  Clifton  Mail  box. 

Webster,  Erastus  H., Hotel  Cosmopolita,  Guadalajara,  Jal.,  Mexico. 

White,  W.  P 10  Bernard  St.,  Spokane,  Wash. 

Necrology. 

The  deaths  of  the  following  members  and  associate  were  reported 
to  the  Secretary's  office  during  the  month  of  October,  1912: 

Date  of 
Election.  Name.  Date  of  Decease. 

1875.  **Attwood,  George, ,  1912. 

1892.     *Bachman,  David  I.  , October  8,  1912. 

1889.    *McCrer7  Charles, y  1912. 

1911.    t  Weaver,  Henry  M., October  3,  1912. 

1886.     *White,  Maunsel, ,  1912. 

Biographical  Notice. 

Joseph  Charles  Kent  was  born  July  17,  1825,  in  Utica,  N.  Y.,  where 
his  father,  William  St.  George  Kent,  coming  from  Bath,  England, 
first  settled,  removing  afterwards  to  New  York  City.  In  the  latter 
city,  he  received  his  education,  which  included  the  study  of  chem- 
istry under  Professor  Torrey,  of  Columbia  College.  About  1846,  he 
entered  the  employ  of  Cooper  &  Hewitt  at  the  iron-works  at  Phillips- 
burg,  N.  J.,  of  which  he  became  manager  five  or  six  years  later. 
The  plant  and  mines  of  this  enterprise  were  transferred  about  1866 
to  the  Andover  Iron  Co.,  Mr.  Kent  continuing  to  be  the  manager  • 
and  in  1894,  he  retired,  after  a  continuous  and  highly  successful 
administration  of  40  years. 

Mr.  Kent,  being  himself  a  chemist,  was  one  of  the  first  iron-mas- 
ters of  the  old  school  to  realize  the  advantage  of  utilizing  in  blast- 
furnace practice  the  analysis  of  ore,  fuel  and  flux — a  thing  which 
we  of  the  next  generation  can  hardly  conceive  to  have  been  at  one 
time  a  revolutionary  novelty.  He  also  developed  from  his  practical 
experience  several  valuable  inventions. 

One  of  these  was  the  Kent  hot-blast  oven,  containing  circular  *'  U  " 
pipes,  with  both  legs  socketed  into  the  same  bed-pipe,  the  latter 
beinff  provided  with  diaphragms  which  freed  the  circulation  through 
the  "siphon  "  U-pipes.  'J'his  device  furnished  greater  heating-sur- 
face, better  circulation,  and  higher  blast-temperature  than  did  the 
iron-pipe  stove  previously  employed.  Of  course,  it  had  to  yield 
ultimately  to  the  regenerative  hot-blast  ovens,  producing  the  much 
higher  temperatures  required  by  modern  practice. 

Another  invention  of  Mr.  Kent's  was  a  blast-furnace  hoist,  con- 
sisting in  a  cylinder  of  large  dimensions,  floating  in  a  cistern,  and 
elevated  by  the  compressed  air  of  the  blast,  in  such  a  way  that  (by 
means  of  suitable  mechanism)  a  10-ft.  rise  of  the  cylinder  effected 
a  50-ft.  rise  of  the  cages  carrying  the  stock.  This  pioneer  improve- 
ment was  afterwards  superseded  by  J.  M.  Hartman's  pneumatic 
blast-furnace  hoist.  Many  other  leaders  of  progress  have  been,  like 
Mr.  Kent,  overtaken  and  passed  by  the  advancing  army  which,  for 
a  time,  they  led ;  but  it  is  a  pleasure,  as  well  as  a  duty,  to  recall 
their  useful  contributions  to  the  cause. 


*  Member.  **  Life  Member.  f  Associate. 
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It  was  during  Mr.  Kent's  management  of  the  Cooper  Iron-works 
(1856)  that  the  test  of  the  Bessemer  process  was  begun  by  Cooper  & 
Hewitt  at  those  works.  (See  the  address  of  Sir  James  Kitson,  in 
1890,  presenting  the  Bessemer  medal  to  Abram  S.  Hewitt,  and  Mr. 
Hewitt's  reply,  TraTis.j  xix.,  516,  517.  Also  my  biographical  notice 
of  Mr.  Hewitt,  Trans,,  xxxiv.,  190.)  The  apparatus  constructed 
for  this  purpose  under  Mr.  Kent's  supervision  immediately  after 
the  first  announcement  of  Bessemer's  invention,  seems  never  to  have 
been  put  into  actual  operation,  discouraging  reports  from  England 
having  led  to  the  postponement  of  the  plan. 

Mr.  Kent  joined  the  Institute  in  1872,  almost  immediately  after 
its  organization,  and  remained  a  loyal  and  interested  member  for 
40  years.  After  his  retirement,  in  1894,  he  resided  at  Edgartown, 
Mass.  In  many  ways,  outside  his  profession,  he  was  widely  known 
and  loved  as  a  personal  friend,  a  public-spirited  citizen,  and  an  ear- 
nest and  active  Christian.  He  died  at  Edgartown  Aug.  31, 1912, 
and  was  buried  at  Easton,  Pa.,  across  the  Delaware  river  from  the 
works  he  had  so  long  conducted.  The  citizens  of  Phillipsburg  and 
Easton,  as  well  as  the  local  press,  gave  impressive  evidence  of  their 
aflfectionate  regard  for  Mr.  Kent,  to  which  I  take  the  liberty  of  add- 
ing my  individual  testimony  of  esteem  for  his  character  and  work, 
and  my  sorrow  in  his  departure.  R.  W.  R. 

William  Arthur  Laihrop  was  born  Aug.  4,  1854,  at  Springville, 
Susquehanna  count}'.  Pa.,  and  after  a  preliminary  education  in 
Springville  entered  Lehigh  University,  from  which  he  received  in 
1875  the  degree  of  Civil  Engineer.  In  June,  1875,  he  entered,  as 
assistant  mining  engineer,  the  service  of  Irving  A.  Stearns,  with 
whom  he  remained  for  several  months,  resigning  in  order  to  accept 
a  position  with  the  Lehigh  Valley  R.  R.  Co.,  in  the  Engineering 
Department,  where  after  a  time  he  became  assistant  to  Robert  H. 
Sayre,  the  Chief  Engineer.  Feeling  that  there  was  a  better  future 
in  mining  than  in  civil  engineering,  he  left  the  service  of  the  Lehigh 
Valley  R.  R.  Co.,  and  again  became  associated  with  Mr.  Stearns. 
In  1881,  he  accepted  the  superintendency  of  an  iron  company  in 
New  Jersey.  He  next  went  to  Virginia  as  Superintendent  and 
Engineer  of  the  Southwest  Virginia  Improvement  Co.,  the  pioneer 
enterprise  in  the  now  famous  Pocahontas  region  of  the  Norfolk  & 
Western  railroad,  where  he  built  the  town  of  Pocahontas  and  devel- 
oped the  well-known  Pocahontas  coal-field.  In  1884,  he  returned 
from  Virginia  and  settled  at  Snow  Shoe,  Pa.,  where  he  had  the  man- 
agement of  the  Lehigh  Valley  Coal  Co.'s  bituminous-coal  depart- 
ment. On  Feb,  1, 1888,  he  took  charge,  as  Chief  Engineer,  of  all  the 
mining  operations  of  the  Lehigh  Valley  Coal  Co.,  succeeding  Mr. 
Fred  Mercur,  who  had  died  in  January  of  that  year.  He  was 
shortly  after  made  General  Superintendent,  and  later  General  Man- 
ager. He  resigned  this  position  in  June,  1901,  to  become  President 
of  the  Webster  Coal  &  Coke  Co.,  and  on  Feb.  1, 1903,  waa  made 
President  of  the  Pennsylvania  Coal  &  Coke  Co.,  and  also  President 
and  Director  in  the  various  subsidiary  companies  controlled  by 
that  company.  He  was  elected  President  of  the  Lehigh  Coal  & 
Navigation  Co.,  Feb.  26,  1907.  This  company,  in  addition  to  its 
extensive  coal-holdings,  owns  and  leases  to  the  Central  railroad  of 
New  Jersey,  the  Lehigh  &  Susquehanna  railroad  from  Easton,  Pa., 
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to  Scranton,  Pa.  It  also  owns  and  operates  the  Lehigh  and  Dela- 
ware canals  from  Mauch  Chunk  to  Philadelphia  Harbor,  and  the 
Lehigh  &  New  England  railroad  from  the  company's  mines  at  Lans- 
ford,  Pa.,  to  the  Poughkeepsie  Bridge,  New  York.  During  the  five 
years  of  Mr.  Lathrop's  administration  the  annual  production  was 
increased  58  per  cent. ;  the  average  yield  per  mine-car  33  per  cent., 
and  the  yield  of  prepared  coal  per  mine-car  40  per  cent.  A  briquet- 
ting-plant  for  utilizing  the  fine  coal  formerly  wasted  was  built  and 
is  now  in  successful  operation.  A  mine-fire,  started  in  1859,  endan- 
gered a  large  part  of  the  company's  coal,  and  large  sums  of  money 
had  been  expended  continuously  for  50  years  in  an  effort  to  control 
it.  But  this  attempt  had  been^unsuccessful,  and  the  fire  threatened 
seriously  to  enter  the  main  Panther  Creek  basin.  Mr.  Lathrop,  tak- 
ing personal  supervision  at  this  crisis,  decided  that  a  barrier  must 
be  placed  across  the  Summit  Hill  basin,  to  cut  oflf  the  fire  eflfect- 
ually  and  save  the  coal  in  the  main  basin.  It  was  a  difficult  and 
dangerous  undertaking,  and  its  successful  accomplishment  required 
five  months  of  continuous  work  by  day  and  night.  This  work  is 
considered  one  of  the  great  feats  of  mining  engineering  in  the 
anthracite  coal-fields.  A  full  account  of  it  was  given  in  a  paper 
read  by  Mr.  Lathrop  at  the  meeting  of  the  American  Institute  of 
Mining  Engineers,  held  at  Glen  Summit,  Pa.,  in  June,  1911. 

He  also  extended  the  Lehigh  &  New  England  railroad  from  Dan- 
ielsville,  Pa.,  a  distance  of  32  miles,  and  by  joining  it  with  the  local 
mining  railroad  of  the  companjr  at  Lansford  gained  for  the  company 
an  independent  rail-outlet  for  its  coal  over  practically  all  the  large 
railroad  lines  in  the  East. 

In  order  to  utilize  the  cheap  grades  of  the  small  sizes  of  anthra- 
cite which  have  been  for  years  wasted,  he  organized  the  Lehigh 
Navigation  Electric  Co.,  a  subsidiary  company,  to  transmit  power 
through  the  industrial  regions  of  the  Lehigh  Valley  to  tidewater. 
This  plant,  designed  for  100,000  kw.,  will  be  in  operation  in  1913. 

Mr.  Lathrop  was  also  largelv  interested  in  bituminous  coal-mines 
in  West  Virginia  and  Kentucky.  He  was  President  of  the  Board 
of  Trustees  of  Lehigh  University,  a  Director  of  the  Peoples  Bank  of 
Wilkes-Barre,  of  the  Fourth  National  Bank  and  the  Guarantee  & 
Trust  Co.  of  Philadelphia,  a  member  of  the  Union  League,  Univer- 
sity, and  Art  Clubs  of  Philadelphia,  the  Westmoreland  and  Country 
Clubs  of  Wilkes-Barre,  The  Pennsylvania  Society  of  the  Sons  of  the 
Revolution,  and  of  the  Wyoming  Historical  and  Geological  Society. 

He  became  in  1883  a  member  of  the  Institute,  of  which  at  the 
time  of  his  death,  which  took  place  April  12,  1912,  he  was  a  Vice- 
President.  His  cordial  participation  in  the  sessions  of  the  Canal 
Zone  meeting  of  1910  endeared  him  personally  to  many  of  his  fellow- 
members. 

Mr.  Lathrop  was  endowed  with  great  natural  gifts,  and  a  charm- 
ing personality,  true  to  his  friendships,  yet  loyal  to  duty.  He  was 
indeed  one  of  Nature's  noblemen.     What  more  can  be  said  ? 

L  A.  S. 
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Notes  on  RufPs  Carbon- Iron  Equilibrium  Diagram. 

BY  HENRY  M.    HOWE,    NEW  YORK,   N.    Y.* 

(Cleveland  Meeting,  October,  1912.) 
Manuscript  received  Aug.  20,  1912. 

Professor  Ruff's  most  illuminating  paper  ^  describing  his 
extremely  valuable  investigation  of  the  carbon-iron  equilibrium 
diagram  assigns  definite  temperatures  to  certain  very  important 
lines  in  the  diagram,  viz. :  the  eutectic  temperature  EB  (Fig. 
1)  and  the  "  near-eutectic  "  temperature  J^jB',  but  without  in- 
dicating clearly  enough  the  reasoning  which  warrants  these 
assignments.  These  temperatures  are  of  such  primary  im- 
portance that  it  is  well  to  indicate  the  apparent  gaps  in  the 
reasoning,  in  the  hope  that  they  may  be  filled  in. 

In  his  diagram.  Fig.  1,  the  point  Xand  the  lines  B'D'HI 
represent  the  experimental  results  reached  by  Ruff  and  Goecke;* 
AB^  AJSBy  and  SE  represent  the  liquidus,  the  solidus,  and  the 
solubility  of  the  carbon  in  solid  austenite  in  the  absence  of 
graphite  according  to  Gutowsky,*  AB  being  also  in  accordance 
with  Spiecker's  data;*  S'E^  the  solubility  of  carbon  in  solid 
austenite  in  the  presence  of  graphite  according  to  Ruer  and 
Iljin;*  6r*S  the  line  AS  after  Goerens  and  Meyer;  ®  and  EBC 
the  true  eutectic  line  as  inferred  by  Prof.  Ruff  from  Gutowsky's 
data.  J5'2)'  is  the  carbon  content  found  in  cast-iron  which  had 
apparently  saturated  itself  with  carbon  in  the  presence  of  the 
graphite  of  the  enclosing  graphite  crucibles  in  which  the  de- 
terminations were  made.  From  its  straightness  and  its  sharp 
inflection  near  6.67  per  cent,  of  carbon,  the  carbon  content  of 


*  Pn)fe880P  of  Metallurgy  in  Columbia  University. 

1  MetaUurffU,  vol.  viii.,  pp.  456  to  464  and  497  to  508  (1911). 
«  Idem,  vol.  viii.,  pp.  417  to  421  (1911). 
»  Idemy  voL  vi.,  pp.  731  to  743  (1909). 

*  Idem,  vol.  vi.,  p.  524  (Wust)  (1909). 

*  Idem,  vol.  viii.,  pp.  97  to  101  (1911). 
«  Idem,  vol.  vii.,  pp.  307  to  312  (1910). 

[1] 
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ruff's  carbon-iron  equilibrium  diagram. 


cementite,  FOgC,  he  infers  that  the  carbon  exists  in  the  molten 
iron  almost  solely  in  the  form  of  cementite  in  this  range  of 
temperature.  In  a  molten  alloy  above  B'D'  the  dissolved  ce- 
mentite is  stable.  K  it  passes  below  B'D'  all  cementite  thei\  in 
excess  of  B'D'  is  thereby  made  metastable  and  tends  to  precipi- 
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tate,  and  that  which  so  precipitates  graphitizes  promptly.  BDy 
not  determined  experimentally,  represents  the  true  solubility 
of  cementite  in  molten  iron,  a  line  on  reaching  which  the  pre- 
cipitation of  cementite  accelerates. 

[2] 
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The  later  results  of  Wittorff/  not  yet  readily  accessible,  are 
at  variance  in  many  respects  with  Ruffs  for  high  carbon 
contents. 

Let  us  now  review  the  conditions  underlying  the  matter 
which  I  discuss,  in  the  form  of  20  propositions  in  which  I 
attempt  to  give  the  premises  from  which  Prof.  Ruff  reaches  his 
conclusions.  My  general  contention  is  that,  granting  these 
propositions,  the  steps  in  Prof.  Ruffs  reasoning  ought  to  be 
stated  more  fully  in  order  to  carry  conviction.  Indeed,  if  we 
make  in  proposition  (15)  the  modification  explained  in  (32), 
and  this  seems  a  permissible  one,  then  the  data  seem  explicable 
in  the  simpler  way  set  forth  in  (28)  to  (31).  Further,  the  Gut- 
owsky  data  on  which  Prof.  Ruff  bases  his  calculations  seem  in- 
sufficient in  view  of  the  eapriciousness  of  the  phenomena  and 
the  difficulty  of  reconciling  some  of  them  with  our  natural  con- 
ceptions. My  purpose  thus  is  to  bring  the  matter  up  for  discus- 
sion, and  only  as  a  basis  for  discussion  do  I  offer  my  tentative 
explanation.  The  matter  enclosed  in  parentheses  in  the  text  of 
these  twenty  propositions  represents  ideas  of  my  own  for  which 
Professor  Ruff  is  not  responsible. 

General  Outline, — (1)  to  (21),  pp.  1183  to  1193,  general  outline 
of  Ruffs  premises. 

(22),  p.  1194,  general  meaning  of  his  diagram. 

(23)  to  (26),  pp.  1194  to  1199,  Ruff  on  the  eutectic  temperature. 

(26A)  to  (35),  pp.  1199  to  1207,  other  positions  of  the  eutectic 
temperature. 

(36)  p.  1208.  Capriciousness  of  the  rate  of  graphitization 
and  of  the  arrest  and  recalescence  temperatures. 

(37),  p.  1213.  Graphitization  goes  on  at  temperatures  below 
those  admitted  by  Prof.  Ruff. 

(38)  p.  1216.     How  dominant  is  the  bodenkoerper  ? 

(39)  p.  1218.     Conclusion. 

(1)  Carbon  when  dissolved  either  in  the  molten  iron  between 
say  1,800°  and  1,185°,  or  in  the  austenitic  solid  iron  above  the 
bottom  of  the  transformation  range,  Al  (say  725°),  exists  almost 
solely  as  tri-ferrous  carbide,  FcjC,  called  cementite.  (P.  460, 
If  2.)    These  and  the  following  page  numbers  refer  to  Prof. 

^  Journal  of  the  Russian  PhysieO'Chemical  Society,  vol.  zliii.,  pp.  1613  to  1690 
(1911) ;  through  Chemuches  ZmtrcJJblaU,  part  1,  pp.  1091  to  1094  (1912);  Jwir- 
wd  of  the  Society  of  Chemical  Industry ^  vol.  xzxi.,  p.  388  (1912). 
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Ruft's  paper,  Metallurgies  vol.  viii.,  1911.     The  section  numbers 
in  parentheses  refer  to  the  present  paper. 

(2)  Between  these  temperatures,  say  725°  and  1,800°,  the 
quantity  of  carbon  which  exists  in  the  elemental  state  in  solu- 
tion in  the  iron  is  so  small  that  the  true  graphite-iron  diagram 
plays  only  an  indirect  part  (P.  458.)  (Some  might  be  in- 
clined to  regard  it  as  hardly  more  than  a  metaphysical  abstrac- 
tion.) The  diagram  which  iron  in  solidifying  actually  follows 
is  the  cementite-austenite  diagram,  though  this  too  is  in  a  sense 
a  double  diagram,  one  set  of  lines  representing  equilibrium 
when  graphite  is  the  "  bodenkoerper,"  and^the  other  set  repre- 
senting true  solubility,  e.  g.^  when  cementite  is  the  bodenkoer- 
per,  a  term  the  meaning  of  which  is  set  forth  in  Appendix  11. 

(3)  The  line  jB'D',  experimentally  determined  by  Ruff  and 
Goecke,®  represents  the  quantity  of  carbon  as  cementite  which 
the  molten  iron  holds  when  in  equilibrium  with  solid  graphite 
as  bodenkoerper  (pp.  458,  459,  460)  and  the  line  S'E  (p.  466), 
adopted  from  Ruer  and  Iljin,^  represents  that  which  the  solid 
austenite  holds  when  in  equilibrium  with  graphite  as  boden- 
koerper, as  in  gray  cast-iron.  The  line  BD  (p.  500)  represents 
the  true  solubility  of  cementite  in  molten  iron,  and  SE  (p.  456) 
its  true  solubility  in  solid  austenite,  f,^.,  the  quantity  which  the 
moltfen  iron  and  the  solid  solution  or  austenite  hold  in  equi- 
librium with  solid  cementite.  This  line  is  important  because 
on  reaching  it  the  precipitation  of  cementite  accelerates ;  and 
its  importance  does  not  rest  on  any  assumption  as  to  the  ability 
of  free  cementite  to  resist  graphitization  at  these  very  high 
temperatures.  (In  (38)  facts  are  given  which  are  not  at  first 
reconciled  easily  with  this  idea  that  the  nature  of  the  boden- 
koerper is  of  the  first  importance  in  determining  whether  the 
dissolved  carbon  content  shall  follow  SE  or  S'E.) 

(4)  From  (2)  it  follows  that,  when  the  dissolved  carbon  content 
or  concentration  of  the  molten  is  that  represented  by  B  (Figs. 
1  and  2),  or  in  undercooling  by  a  point  on  BB^  (Figs.  2  and  3),  the 
dissolved  carbon  content  of  the  solid  austenite  then  depositing 
from  that  molten  should  be  represented  by  the  point  horizon- 
tally opposite  on  SE ;  and  that  when  the  dissolved  carbon  con- 
tent of  the  molten  is  represented  by  jB',  or  in  undercooling  by 

»  Idem,  vol.  viii.,  pp.  417  to  421  (1911). 

•  Idem,  vol.  viii.,  pp.  97  to  101  (1911). 
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a  point  on  B^  Q,  the  dissolved  carbon  content  of  the  solid  aus- 
tenite  then  depositing  should  be  represented  by  the  point  hori- 
zontally opposite  on  S'M.  Conversely,  the  fact  that  the  dis- 
solved carbon  content  of  the  austenite  depositing  is  represented 
by  a  point  on  SE  or  S'JE'^  as  the  case  may  be,  implies  that  the 


1125' 


Fio.  2. — The  Course  op  the  Molten  during  Solidification, 

APPROXIMATELY  AFTER  RUFP. 


ToA^ 


To  A 


Fig.  3. — The  Ck)URS£  op  the  Molten  and  op  the  Solid  during 
Solidification,  approximately  after  Ruff. 

dissolved  carbon  content  of  the  molten  from  which  that  austen- 
ite is  depositing  should  be  represented  by  the  point  horizontally 
opposite  on  BB^  or  JB'.  (The  conception  that  in  undercool- 
ing the  course  of  the  depositing  layers  is  along  E^E  need 
not  here  disturb  us.     For  instance   if,  in   undercooling,   the 

[5] 
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course  of  the  molten  down  to  the  trough  of  the  recalesceuce 
is  PQ'Q'^  (Fig.  3),  and  if  the  course  of  the  solidifying  layers  is 
correspondingly  MEE^^  then  for  instance  at  E^^  when  the 
molten  reaches  SK  (see  (5) )  at  Q",  the  dissolved  carbon  content 
of  the  austenite  is  E^^  the  point  horizontally  opposite  on  SE^ 
and  the  diflTerence,  E^E^^  is  represented  by  free  cementite,  which 
graphitizes  rapidly  at  this  temperature.  And  in  general  while 
the  molten  is  crossing  from  Q'  on  GK  to  Q"  on  SK^  the  aus- 
tenite of  the  depositing  layers  is  crossing  from  E^  to  ^3  on  SE) 

(5)  GK  and  SK.  For  brevity  B'D'  and  S'E,  and  RQ! 
the  prolongation  of  B'D'  in  undercooling,  and  the  horizontal 
E'B^  which  connects  the  points  at  which  they  end  in  equilib- 
rium he  calls  GK ;  and  BD  and  SE^  and  J55^the  prolongation 
of  BD  in  undercooling,  and  the  horizontal  true  eutectic  line 
EB  which  connects  E  and  B  in  equilibrium  he  calls  SK 
(Gleichgewichiskonzeniration  and  Saeitigungskonzentration  respect- 
ively, pp.  458  and  463). 

Nomenclature. — ^Ruff  and  some  others  use  the  unprimed  let- 
ters SE  for  the  part  of  SK  which  lies  below  the  freezing  range, 
but  the  primed  letters  jB'D'  for  that  part  of  it  which  includes  the 
freezing  range  and  the  molten,  using  S'E  for  GK  in  the  solid 
and  BD  for  GK  in  the  molten.  But  because  it  is  simpler  to 
represent  the  whole  of  one  line  by  means  of  unprimed  and  the 
whole  of  the  other  line  by  primed  letters,  and  because  the  most 
firmly  fixed  and  also  the  earliest  usage  is  that  which  associates 
unprimed  SE  with  SK^  I  represent  SK  for  the  solid  and  for 
the  molten  respectively  by  SE  and  BDy  and  GK  by  S'E^  and 
B'D'. 

In  the  same  way  the  GK  or  "  near-eutectoid  "  temperature 
at  which  S'E  cuts  GOS  may  be  called  A'l. 

(6)  All  carbon  dissolved  as  cementite  up  to  GK  is  strictly 
stable  (p.  463). 

(7)  Carbon  dissolved  as  cementite  in  excess  of  GK  and  up 
to  SK  is  metastable,  and  tends  to  precipitate  and  graphitize, 
FCjO  =  3Fe  +  Gr  (p.  463).  (It  is  simplest  to  assume  that  the 
graphitization  is  confined  to  cementite  which  actually  precipi- 
tates.    See  p.  462,  t  4,  lines  12  to  14). 

(8)  EBy  the  horizontal  which  connects  the  points  at  which 
SE  and  BD  end  in  equilibrium,  is  the  true  metastable  or  cemen- 
tite-austenite  eutectic  temperature  (p.  463  and  p.  498,  line  6). 

Digitized  by  VjOOQ IC 


ruff's  carbon-iron  equilibrium  diagram.  1187 

(9)  EB'^  the  horizontal  which  connects  the  points  at  which 
S'E  and  B'D'  end  when  in  equilibrium,  is  no  true  eutectic  line, 
but  like  the  lines  which  it  connects  merely  the  temperature  on 
cooling  past  which  cementite  changes  progressively  from  being 
dissolved  in  perfect  stability  to  being  dissolved  in  metastability, 
tending  to  precipitate  out  and  if  so  precipitated  to  graphitize. 
(For  brevity  it  might  be  called  a  "  near-eutectic  "  line)  (p.  462). 

(10)  The  carbon  content  of  £? ^  L  e.,  the  solubility  of  carbon 
in  solid  austenite  when  graphite  is  bodenkoerper  at  tempera- 
ture I?B\  is  taken  from  Ruer  and  Iljin  as  1.8  per  cent.^° 
(p.  456). 

(11)  The  carbon  content  of  J?,  i. «.,  the  true  solubility  of 
cementite  in  solid  austenite  at  temperature  jEB,  cementite 
being  bodenkoerper,  is  taken  from  Gutowsky  as  1.7  per  cent." 
(p.  456). 

(12)  Carbon  dissolved  in  excess  of  SK  precipitates  promptly 
as  cementite  (p.  498).  (I  find  no  direct  enunciation  of  this,  but 
the  reasoning  evidently  assumes  this.) 

Thus,  there  are  four  conditions  of  cementite :  (A)  stable  up 
to  QK;  (B)  metastable  and  tending  to  precipitate,  GK  to  SK; 
(C)  in  excess  of  SK  (labile  ?)  precipitating  promptly ;  and  (D) 
that  actually  precipitated,  whether  from  (B)  or  (C). 

(13)  Cementite  actually  precipitated  graphitizes  with  great 
rapidity  at  temperatures  above  1,135°.  Professor  Ruffs  lan- 
guage leaves  on  one  the  impression  that  this  graphitization  is 
well  nigh  instantaneous.  But  Hanemann's  results^*  show  that, 
rapid  as  it  is,  it  can  yet  be  restrained  by  a  rapid  enough  cool- 
ing. Wittorffs  language  also  implies  that  the  carbide  which 
here  precipitates  can  be  retained  ungraphitized,  though  as  to 
the  nature  of  this  carbide  he  and  Ruft  disagree.^* 

(14)  Beginning  at  1,135°,  with  further  fall  of  temperature 
graphitization  is  retarded  very  greatly,  so  that,  according  to  Prof. 
Ruffs  calculations,  whereas  at  1,135°  the  time  occupied  by  the 
graphitization  of  50  per  cent,  of  the  cementite  precipitated  in  ex- 


i»  MetaUurgie,  vol.  viii.,  p.  99  (1911). 

"  Idem,  vol.  vi.,  p.  739  (1909.) 

"  StaM  uiid  Eisen,  vol.  xxxi.,  pp.  333-336  (1911). 

"  Journal  of  the  Russian  Physico-Chemiccd  Society y  vol.  xliii.,  pp.  1613  to 
1690  (1911)  ;  through  Chemisches  ZentralblaU,  part  1,  pp.  1091  to  1094  (1912) ;  Jmir- 
naiof  the  Society  of  Chemical  Industry,  vol.  xxxi.,  p.  388  (1912). 
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cess  of  GK  is  2  sec,  this  time  doubles  with  every  10°  fall  of 
temperature,  becoming  32  sec.  at  1,085°  (or  1,095°)  (pp.  602 
and  507).  These  numbers  refer  to  graphitization  during  solidi- 
fication, when  the  cementite  crystals  are  still  bathed  with 
molten  iron.  The  rate  of  graphitization  within  solid  iron  Prof. 
Ruff  seems  to  regard  as  negligibly  slow.  (If,  as  seems  reason- 
able, we  regard  the  graphitization  of  cementite  as  taking  place 
chiefly  through  a  process  of  solution,  diffusion,  and  re-precipita- 
tion, then  because  diffusion  is  much  more  rapid  in  a  molten 
than  in  a  solid  solution,  it  is  but  natural  that  graphitiza- 
tion should  be  much  faster  in  molten  than  in  solid  metal. 
Prof.  Ruff's  numbers  evidently  apply  only  in  the  nearly  com- 
plete absence  of  silicon,  an  element  which  hastens  graphitizar 
tion  very  greatly.  The  data  in  the  experiments  of  Heyn  and 
Bauer"  indicate  that,  in  their  irons  containing  4.16,  1.58,  and 
0.63  per  cent,  of  silicon,  the  rate  of  graphitization  at  tempera- 
tures below  1,135°  is  much  greater  than  that  which  Prof.  Rufl 
calculates.  West's  experiments  too  point  to  rather  rapid 
graphitization  far  below  the  freezing-range  in  the  presence  of 
silicon.     See  37). 

(15)  PrO'Eatectic  Solidification  of  Hyper- Eutectic  Alloys  (pp. 
463,  464). — The  cementite  in  an  alloy  of  carbon  content  M 
(Fig.  2)  and  at  temperature  M^  is  wholly  stable  (6),  and  remains 
stable  till  in  cooling  the  alloy  starts  to  cross  jB'jD'  at  M.  The 
start  to  cool  below  B'D'  makes  so  much  of  the  cementite  as  is 
in  excess  of  B'D'  metastable,  and  because  of  this  metastability 
part  of  it  precipitates  and  at  once  graphitizes  (7).  But  be- 
cause the  precipitation  is  not  complete,  some  of  the  cementite 
thus  metastabilized  remains  unprecipitated,  and  hence  the 
molten  (as  represented  by  its  temperature  and  dissolved  carbon 
content)  passes  somewhat  to  the  right  of  jB'D',  and  follows  a 
path  which  varies  with  the  rate  of  cooling,  i.e.,  there  is  a  cer- 
tain degree  of  undercooling  below  B'D'.  If  the  removal  of 
heat  is  rapid,  the  dissolved  carbon  content  of  the  molten  may 
fall  to  BD,  as  for  instance  by  the  path  MN.  But  because  on 
starting  to  pass  below  jBD,  the  curve  of  true  solubility,  the  pre- 
cipitation is  extremely  prompt,  the  molten  is  not  likely  actually 
thus  to  pass  below  -BD,  but  rather  to  slide  down  along  BD 

"  Stahl  und  Eisen,  vol.  xxviL,  pp.  1665  to  1671  and  1621  to  1626  (1907). 
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from  N  to  B.  In  the  case  of  an  extremely  rapid  cooling  there 
may  indeed  be  undercooling  even  below  -BZ),  so  that  the  molten 
travels  along  MNB^.  With  a  moderate  {miitlerm)  rate  of 
cooling  the  molten  follows  a  path  like  MB^^  i,e.  with  a  mod- 
erate undercooling  below  B^D'  but  not  reaching  BD.  (The 
line  which  he  actually  sketches  (Fig.  2)  for  cooling  of  moderate 
rapidity  diflTers  slightly  from  MB^B^  reaching  B  without  pre- 
viously reaching  the  line  AB'B  ;  but  his  language  (p.  464,  lines 
10  to  12)  implies  that  MB^  as  I  give  it  is  that  which  he  actu- 
ally intended.) 

(16)  Near-Euteetic  and  Eateciic  Solidification  of  Hyper-Eutectic 
Alloys  (p.  497). — But  whether  the  course  of  the  molten  is  like 
MNB^  or  MNB  or  MB^^  as  soon  as  it  reaches  the  austenite- 
liquidus  AB  or  its  continuation  B'BB^  the '  precipitation  of 
austenite  sets  in,  and  the  latent  heat  of  this  precipitation  is 
added  to  the  still  evolving  heat  of  precipitation  and  graphitiza- 
tion  of  the  cementite  metastabilized  by  the  passage  to  below 
B'D'  (pp.  464  and  497).  At  the  same  time  the  heat  supply 
from  the  precipitation  and  graphitization  of  cementite  is  greatly 
increased  (p.  497).  For  the  precipitation  of  the  carbon-poor 
austenite  from  the  carbon-rich  molten  tends  to  raise  the  carbon 
content  of  that  molten  rapidly  further  to  the  right  of  B'D' ; 
and  the  farther  it  passes  to  the  right  of  JB'D'  the  greater  the 
metastability  and  the  more  rapid  the  precipitation  and  graph- 
itization of  cementite. 

These  heat  evolutions  combined  suffice,  even  if  the  external 
conditions  are  such  as  to  drain  heat  away  relatively  fast,  to 
raise  the  temperature  of  the  molten  again  to  1,135°,  so  that  it 
slides  up  BB'  to  J5',  but  of  course  not  beyond  -B',  because  the 
start  to  cross  JB'D'  would  arrest  the  metastabilizing  of  ce- 
mentite and  the  heat  evolution  resulting  from  the  precipitation 
and  graphitization  of  that  cementite,  and  without  heat  from 
this  source  a  rise  of  temperature  would  be  impossible. 
.  As  the  quantity  of  residual  molten  decreases,  the  heat  of 
precipitation  from  it  and  the  heat  of  graphitization  cease  to  be 
able  to  hold  the  temperature  as  high  as  JB'.  As  the  temperature 
therefore  sinks,  the  course  of  the  molten  is  naturally  along  B'B^ 
neither  falling  below  B^B  because  this  would  further  accelerate 
the  precipitation  of  austenite  and  thus  check  the  cooling,  nor 
above  it  for  that  would  arrest  completely  the  precipitation  of 
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austenite,  cut  off  this  important  source  of  heat,  and  drag  the 
temperature  instantly  back  to  B'B. 

This  cooling  along  B'B  continues  till  the  molten  reaches  5, 
the  true  eutectic  temperature  and  dissolved  carbon  content  for 
the  molten.  This  arrival  at  ^S"^,  this  substitution  of  the  true 
solubility  content  for  mere  metastability  because  in  excess  of 
GKj  so  accelerates  the  precipitation  of  cementite  (12)  that 
the  temperature  and  dissolved  carbon  cofitent  of  the  molten 
now  remain  constant  at  B  till  solidification  completes  itself 
eutectic-wise. 

The  mechanism  of  the  increase  in  the  dissolved  carbon  content 
of  the  molten  from  GKsLtB'  to  A^JK'at  J5  has  two  features  which 
we  may  notice.  (A)  Because  the  precipitation  of  the  cementite 
metastabilized  by  being  in  excess  of  6rJK'is  incomplete,  some  of 
it  accumulates  in  solution  in  the  molten,  raising  the  dissolved 
carbon  content  of  that  molten  from  GK  for  the  existing  tem- 
perature towards  SK.  (B)  Because  the  graphitization  of  ce- 
mentite actually  precipitated,  though  rapid,  is  not  instanta- 
neous, some  of  it  {ein  Utzter  Rest)  accumulates  ungraphitized 
and  suspended  in  the  molten,  where,  acting  as  bodenkoer- 
per,  it  in  part  re-dissolves  in  the  attempt  to  raise  the  dissolved 
carbon  content  of  the  molten,  in  the  immediate  sphere  of  its 
influence  to  SK  for  the  existing  temperature.  Thus  arises  a 
molten  enriched  beyond  OK^  and  hence  normally  solidifying 
at  a  temperature  below  jB'  (p.  497). 

Of  the  eutectic  cementite,  part  diffiises  back  to  enrich  towards 
SK  {SE)  the  early  austenite  layers  deposited  when  the  molten 
was  on  AB'B  but  between  B'  and  J5,  so  that  those  layers  had 
a  dissolved  carbon  content  less  than  SE ;  and  part  graphitizes 
during  the  remainder  of  the  eutectic  freezing  (and  thereafter) 
(p.  497). 

Here  notice  the  distinction  between  the  "  near-eutectic  "  co- 
precipitation  of  austenite  and  cementite  at  points  on  B'B  above 
By  and  the  true  eutectic  precipitation  at  B.  Above  jB  the  pre- 
cipitation of  cementite  has  only  such  moderate  promptness  as 
is  due  to  its  metastability  because  in  excess  of  GK ;  at  B  it  has 
the  promptness  due  to  the  molten's  being  on  the  true  solubility 
line,  SK. 

To  sum  this  up,  the  course  of  the  molten  is  M^MBJB'B, 

(17)  Pro- Eutectic  Solidification  of  Hypo-Eutectic  Alloys,  Under- 
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cooling  is  Marked, — The  approach  of  the  molten  part  of  the  hypo- 
eutectic  irons  to  1,135®  in  cooling,  occurring  theoretically  along 
AB'y  i.e,y  without  liberation  of  cementite,  they  lack  the  heat 
evolved  due  to  the  prompt  and  continuous  graphitization  of 
cementite  which  occurs  in  hyper-eu\ectic  irons  as  they  cool 
along  JS'D',  towards  AB\  1,135°.  Lacking  this  heat  supply 
their  undercooling  is  more  pronounced,  as,  for  instance,  along 
the  line  PQ,  Fig.  2  (p.  497). 

It  is  indeed  so  marked  that  the  temperature  at  which  the 
molten  reaches  GK  msij  he  as  low  as  1,125°  or  even  lower 
(p.  498,  top).  Till  B'D'  is  reached  the  solidification  is  of 
course  of  austenite  only.  On  reaching  and  starting  to  pass 
JS'D'  the  cementite  in  the  molten  thereby  brought  into  meta- 
stability,  t.g.,  excess  over  GKj  starts  to  precipitate  and  graph- 
itize.  This  at  first  causes  only  a  retardation  of  the  cooling, 
but  as  GK  is  farther  exceeded  the  precipitation  and  graphiti- 
zation of  the -cementite  thus  made  metastable  in  consequence 
accelerate.  Because  of  this  acceleration  of  graphitization  this 
retardation  of  cooling  is  quickly  followed  by  an  arrest  of  cool- 
ing (sojourn  at  constant  temperature),  but  hardly  by  a  material 
{weseniUch)  rise  of  temperature  (pp.  497-98),  because  the  ra- 
pidity of  graphitization  of  this  metastable  dissolved  cementite 
can  hardly  be  rapid  enough  to  cause  one,  (in  view  of  the  pres- 
ence of  the  already  precipitated  austenite,  in  a  position  favor- 
able for  absorbing  its  share  of  all  heat  evolved). 

The  further  out-crystallizing  of  austenite  enriches  the  molten 
in  dissolved  cementite  faster  than  the  lagging  precipitation  of 
the  metastable  cementite  can  impoverish  it,  so  that  the  course 
of  the  molten  is  to  the  right  along  QQ',  and  at  last  it  reaches 
SK  at  Q\  (As  in  the  case  of  hyper-eutectic  alloys,  so  it  is 
here.  The  arrival  at  Q  inducing  the  precipitation  of  some 
cementite,  there  is  "  near-eutectic  "  precipitation  in  the  sense 
that  both  austenite  and  cementite  precipitate,  though  the. pre- 
cipitation of  cementite,  being  only  that  due  to  its  metastability 
because  in  excess  over  GK^  is  less  prompt  than  at  SK.) 

(18)  The  JEuteclic  Solidification  of  Hypo-Eutectic  Alloys  (p. 
498). — The  arrival  at  SK^  whether  at  its  equilibrium  tempera- 
ture JS,  or  because  of  undercooling  at  some  point  like  Q'  on  its 
prolongation  J5jB^,  substitutes  the  prompt  precipitation  of  ce- 
mentite for  the  lagging  precipitation  which  has  thus  far  been 
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induced  by  the  mere  metastability  of  so  much  of  the  dissolved 
cementite  as  is  in  excess  of  GK.  Thus  the  co-precipitation  ot 
austenite  and  cementite  which  has  been  going  on  now  con- 
tinues, but  the  acceleration  of  the  precipitation  of  cementite 
now  induced  brings  that  co-precipitation  to  the  eutectic  ratio 
of  austenite  to  cementite,  so  that  now  for  the  first  time  there  is 
strict  eutectic  co-precipitation. 

(19)  Recalescence  Begins  only  on  the  Arrival  at  SK  (p.  498)» 
— This  acceleration  of  the  precipitation  and  consequent  graph- 
itization  of  cementite  so  accelerates  the  heat  evolution  that  now 
for  the  first  time  can  a  material  rise  of  t'^mperature  occur  (p. 
498,  lines  11  to  18).  But  this  rise  may  not  reach  the  true 
eutectic  temperature,  and  is  the  less  likely  to  the  greater  the 
initial  hypo-eutecticness,  i.e.,  the  farther  the  alloy  falls  short  of 
the  eutectic  ratio  of  4.3  per  cent,  of  carbon.  In  short,  the 
molten  will  now  travel  along  SK  from  Q'  towards  or  perhaps 
even  to  B. 

To  sum  up,  the  course  of  the  molten  in  hypo-eutectic  alloys 
is  APQQ'  and  up  Q'B  to  or  towards  By  Fig.  2. 

(20)  Contrast  Betiveen  Hyper-  and  Hypo-Eatectie  Alloys. — (A) 
A  recalescence,  in  the  strict  sense  of  an  actual  rise  of  tempera- 
ture, can  occur  in  hyper-eutectic  alloys  before  the  dissolved 
carbon  content  of  the  molten  reaches  SK^  e.g.y  when  it  reaches 
APB'B  AtB^;  but  in  hypo-eutectic  alloys  no  material  rise  can 
occur  before  the  molten  thus  reaches  SK.  (B)  The  undercool- 
ing is  more  marked  in  hypo-  than  in  hyper-eutectic  alloys. 

In  order  to  understand  this  we  must  distinguish  during  the 
solidification  between  the  calorific  molten  and  the  inert  already 
solid  layers.  Whatever  heat  is  generated  in  the  molten  must, 
in  order  to  cause  an  actual  recalescence,  be  spread  over  both 
molten  and  solid.  In  the  case  of  hyper-eutectic  alloys  the 
quantity  of  solid,  at  any  given  stage  in  the  pre-eutectic  solidi- 
fication, is  extremely  small,  consisting  of  little  more  than  the 
small  quantity  of  graphite  generated  by  the  decomposition  of 
the  cementite  thus  far  precipitated.  Thus  when  a  hyper-eu- 
tectic alloy  in  cooling  along  MB^  reaches  APB  there  is  but  ao 
insignificant  quantity  of  solid  graphite,  and  the  mass  is  almost 
solely  calorific  molten.  Hence  the  co-precipitation  of  austenite 
and  cementite  which  here  begins  suffices  to  raise  the  tempera- 
ture of  the  whole,  even  though  the  precipitation  of  the  ce- 
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mentite  is  the  relatively  sluggish  one  caused  by  its  metasta- 
bility  because  in  excess  of  OK. 

But  when  a  hypo-eutectic  alloy  in  sliding  down  APQ  reaches 
Q,  there  is  now  present  the  large  quantity  of  solid  carbon-poor 
austenite  precipitated  in  the  cooling  along  APQ,  The  thermal 
capacity  of  this  inert  solid  austenite  is  so  great  that  the  ensuing 
co-precipitation  of  austenite  and  cementite  does  not  suffice  to 
raise  the  temperature  till  the  precipitation  of  cementite  reaches 
its  full  speed  on  the  arrival  of  the  molten  at  SK. 

(Two  co-operating  ways  suggest  themselves  in  which  the  pres- 
ence of  an  abundant  primary  or  pro-eutectic  substance  may 
increase  eutectic  undercooling :  (A)  By  mechanically  breaking 
up  the  residual  molten  eutectic  and  isolating  its  several  micros 
scopic  particles  from  each  other,  it  impedes  the  spread  of  the 
influence  of  the  nucleus  action  of  those  molecules  of  the  eutec- 
tic which  are  the  most  prompt  to  solidify.  (B)  As  for  given 
conditions  the  undercooling  increases,  so  do  the  eutectic  solidi- 
fication and  the  consequent  heat  evolution  hasten.  An  arrest 
and  a  recalescence  mean  that  this  acceleration  at  length  suifices 
first  to  balance  and  then  to  overcome  the  escape  of  heat  to  the 
environment.  Because  of  the  capacity  of  an  abundant  pro- 
eutectic  substance,  especially  if  it  has  great  thermal  conductivity, 
both  for  absorbing  heat  and  for  transmitting  it  to  the  environ- 
ment, its  presence  implies  that  the  arrival  at  this  balance  and 
at  this  overcoming  requires  a  more  rapid  heat  evolution,  and 
consequently  a  greater  undercooling. 

In  a  word,  in  a  hyper-eutectic  alloy  the  primary  solid  is  ex- 
tremely scanty  because  it  is  almost  pure  carbon,  whereas  in  a 
hypo-eutectic  one  it  is  extremely  abundant  because  it  is  carbon- 
poor  austenite.  Hence  the  former  may  recalesce  without  the 
full  speed  SK  generation  of  cementite ;  the  latter  cannot). 

With  the  exception  of  the  words  enclosed  in  parantheses  the 
20  propositions  which  I  have  just  given  are  my  understanding 
of  Professor  RuflPs  own  interpretation  of  the  course  of  solidifi- 
cation. Much  of  it,  for  instance  (8),  I  do  not  find  distinctly 
enunciated,  but  read  it  rather  hazardously  between  the  lines. 

(21)  His  forecast  of  the  course  of  the  molten  during  the 
solidification  of  hypo-eutectic  alloys  may  be  summed  up  thus : 
(A)  The  temperature  begins  to  slacken  its  fall  on  reaching 
OK ;  (B)then  stays  nearly  constant,  with  perhaps  a  slight  rise; 
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till  (C)  on  reaching  the  prolongation  of  SK  {BB^  it  starts  to 
rise  materially ;  but  (D)  it  may  or  may  not  reach  the  eutectic 
temperature  UB  (p.  498). 

(22)  General  Meaning  of  Professor  JRufs  Diagram — ^Looking 
at  this  diagram  in  a  general  way,  we  cannot  regard  it  as  a 
"  double  diagram  "  in  the  sense  in  which  these  words  have 
often  been  used.  That  is  to  say,  it  has  no  lines  representing 
the  solubility  of  graphite  in  solid  and  molten  iron  respectively, 
or,  in  other  words,  the  lines  at  which  in  cooling  the  precipita- 
tion of  graphite  begins.  S'E^  and  B'D'  do  not  represent  graph- 
ite solubility.  They  represent  solely  the  equilibrium  content  of 
cementite  in  solid  and  molten  iron  respectively  in  the  presence 
of  graphite  as  bodenkoerper,  as  distinguished  from  the  solubil- 
ity proper  of  cementite,  i.  e.,  its  equilibrium  content  in  the  pres- 
ence of  cementite  as  bodenkoerper.  And,  because  S£J  and  BD 
represent  true  solubility,  it  is  the  horizontal  £JB  connecting 
their  ends  that  is  the  eutectic  line.  WB',  then,  is  no  true 
eutectic  line,  though  it  is  a  line  at  which  in  equilibrium  there 
is  an  acceleration  of  solidification,  because  on  cooling  to  it  both 
components  of  the  liquid  solidify,  whereas  in  the  cooling  before 
it  is  reached,  in  hyper-eutectic  irons  it  is  only  their  cementite, 
and  in  hypo-eutectic  ones  it  is  only  their  austenite,  that  solidi- 
fies. Yet  if  the  true  eutectic  line  is  later  reached,  then  solidi- 
fication is  further  accelerated.  For  the  precipitation  of  cement- 
ite on  reaching  its  true  solubility  curve  BD  is  more  rapid  than 
the  precipitation  due  to  its  metastability  because  in  excess  of 
B'D'. 

So  too  in  undercooling.  For  instance,  though  in  the  case 
of  a  hypo-eutectic  iron  there  is  a  certain  acceleration  of  solidi- 
fication and  of  heat  evolution  when  the  molten,  in  sliding 
down  PQ,  reaches  GK  at  Q,  there  is  a  further  acceleration 
when  it  reaches  the  prolongation  of  SK  at  Q\  And,  in  the  case 
of  a  hyper-eutectic  iron,  though  there  is  an  acceleration  of  solidi- 
fication and  of  heat  evolution  when  the  molten  undercooled 
below  GKy  sliding  along  MB^  reaches  the  austenite  liquidus  at 
jBj,  there  is  a  farther  acceleration  when  it,  in  turn,  on  sliding 
along  AB^B  at  last  reaches  SK  at  jB. 

(23)  Ruff  on  the  Temperature  of  the  Eutectic  Line  EB. — By 
applying  the  foregoing  considerations  to  the  cooling  curves  of 
Gutowsky,  Fig.  4  and  Table  I.,  Professor  Ruff  infers  that  the 
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eutectic  temperature  is  I.  below  1,130° ;  IL  above  1,123° ;  and 
in.  only  slightly  above  1,123°,  bo  as  to  be  taken  reasonably  at 
1,125°.  Proposition  11.  seems  to  be  well  founded ;  but  the  gaps 
in  the  reasoning  by  which  he  infers  I.  and  III.  are  not  readily 
filled.     Let  us  take  these  up  briefly  in  the  order  IL,  III,  and  I. 

(24)  IL  The  Eutectic  lemperature  EB  is  at  or  above  1,123°.— 
The  reasoning  by  means  of  which  this  inference  is  reached  is 
only  hinted  at ;  it  may  be  constructed  somewhat  as  follows : 

(A)  Gutowsky's  alloy  No.  4,  with  most  of  its  arrest  at  1,128°, 
contained  2.184  per  cent  of  combined  carbon.  (B)  Of  this,  the 
largest  quantity  which  the  solid  austenite  could  contain  in  solu- 
tion is  1.7  per  cent.,  see  (11),  so  that  at  least  2.184  —  1.7  = 
0.484  per  cent,  must  have  existed  as  free  cementite  during 
solidification,  because,  though  cementite  may  be  broken  up  by 
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Ftg.  4. — Gutowsky's  Cooling  Curves. 

graphitization,  cementite  cannot  increase  in  quantity  after 
solidification.  (C)  The  fall  of  temperature  at  the  end  of  the 
arrest  was  so  sharp  as  to  indicate  that  no  important  heat  evolu- 
lution  occurred  after  the  arrest,  and  hence  this  0.484  per  cent,  of 
free  cementite  must  have  been  generated  during  the  arrest.  (D) 
But  the  graphitization  of  free  cemetite  at  a  temperature  as  high 
as  1,123°  is  still  extremely  rapid  from  Ruffe's  calculations,  say  50 
per  cent,  in  4  sec.  Hence  the  persistence  ungraphitized  of  this 
0.484  per  cent,  of  free  cementite  implies  that  it  must  have  been 
generated  very  near  the  end  of  the  arrest,  and  hence  very  rap- 
idly. (E)  But  it  is  only  when  the  carbon  content  of  the  molten 
reaches  SK  {B^BD,  Fig.  2)  that  free  cementite  is  generated 
rapidly ;  hence,  when  this  0.484  per  cent,  of  free  cementite 
was  generated,  i.  e.,  during  the  arrest  at  1,123°,  the  molten 
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Table  I. — Influence  of  Toted  Carbon  Content  on  the  Condition  of 
the  Car  bony  and  on  the  Temperature  of  the  Eutectie  SoUdification. 

(From  the  data  of  Gutowsky,  Heyn  and  Bauer,  Carpenter  and  Keeling,  and  Wust) 
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Silicon. 

Carbon  Content. 

Solid 
tio 

~i 

II 

s-IMti 

II 

13 

1 

Combined. 

Proportion  of 
Total  Carbon 
Uraphltlzed. 

Combined  in 
Excess  of  1.3 

Combined  in 
Excess  of  1.7 

(E). 

Crest  of 
Recalescence. 

Length  of  Arres 
Time  of  Rea( 
Trough    to   A 
BinklngtoTen 
tureofihatTn 

1 

|52 

1 
2 
S 
4 
5 
6 

l>;8 

'II 

Per  1 
Cent.  ■ 
0.0911 
0.090| 
0.0641 
0.060; 
0.048' 
0.045| 

Per 
Cent. 
4.940 
4.626 
8.677 
2.795 
2.16) 
1.762 

Per  1   Per  j    Per 
Cent.,  Cent.!  Cent. 
3.9101  l.(J30   79.2 
3.413,  1.213|  73.8 
2.263    1.414;  61.5 
0.611'  2.184|  21.8 
0.2821  1.883    13.0 
1  1.762    

Per 

Cent.     ; 
(-0.270) 
(-0.087) 
0.114 
0.884 
0.583 
0.462 

Per 

Cent. 

(-0.670) 

—0.487) 

-0.286) 

-0.484 

0.183 

0.062 

°c. 

1,130 
1,130 
1,1231 
1,1001 
1,093 

°C.    j. Seconds. 
1,138'        225 
1.1341        260 
1,130         250 
1,123,        110 
1,093'          25 

Seconds. 
105 

90 
105 

75 

90 

10 


I 


2  • 


3.8011., 
3.596'., 
2.7421  . 
1.913|., 


(1,134)'  1,134| 

id.lSO)!  1,1301 

(1,125),  1.125; 

l,062i  1,0661 


1.58 

3.28 

2.03 

1.25 

61.9 

(-0.05) 

r-0.46) 

0.63 

3.19 

0.25 

2.94 

78.4 

(-1.05) 
(-0.86) 

(-1.45) 

4.16 

3.12 

2.68 

0.44 

85.7 

-1.26) 

Tempera- 
lure  of 
Arrest*  °C 
1,135 
1,105 
1,133 


110 
92 
52 
13 


270 
205 
220 


30 
40 
30 
25 


I 

180  aboat 
1 180  about 
1140  about 


14 
15 
16 
17 
18 
19 
20 


-g       I  3.98 

§   .  ,  3.87 

If 3.57 

2-2  I I  8.42 

§Sl :  3.29 

et^l I  3.03 

3^  2.12 


2.14 

1.73 

55.3 

0.43 

0.03 

1.38 

2.13 

39.3 

0.83 

0.43      1 

1.80 

1.62 

52.6 

0.82 

(-0.08) 

0.14 

3.15 

4.3 

1.85 

I       1.45 

Nil 

3.03 

Nil 

1.73 

1    i.as 

Nil 

2.12 

Nil 

0.82 

0.42 

1,188 
1,144 

240 

|240  about 

1,136 

1,114 
1,141 

1 

1 

1,139 

1 

1,110 

40 

|240  about 

21 
22 
23 
24 
25 
26 
27 
28 


;  0.012 
1  0.039 
'  0.106 

0.013 
I  0.009 
i  0.015 
I  0.008 

0.006,  2.94  I  0.04 


4.66 

3.22 

4.04 

1.75 

3.94 

2.28 

3.79 

2.24 

3.76 

2.8;^ 

3.29 

0.05 

3.02 

0.37 

1.44 

69.1 

(-0.26) 

0.14 

1,130 

2.29  1  43.3 

0.59 

0.99 

1,122 

1.66     57.8 

(-0.04) 
(-0.15)  1 
(-0.27) 

0.36 

1,149 

1.55  1  59.1 

0.25 

1,141 

1.43 

62.0 

0.18 

1,138 

3.24 

1.5 

1.54 

1.94 

1,112 

2.66 

12.2 

0.95 

1.85 

1,135 

2.95 

1.3 

i.a3 

1.65 

1,182 

270 

50 

210 

!  40 

290 

50 

850 

60 

810 

20U  about 

180 

i  100  about 

115 

80 

80 

•  References  :  1  to  10.  Gutowsky,  Metallurgiey  vol.  vi.,  pp.  732-733,  and  738 
(1909). 

11  to  13.  Heyn  and  Bauer,  Stahl  und  Eisen,  vol,  zxvii.,  pp.  1566, 1569,  and  1570 
(1907). 

14  to  20.  Carpenter  and  Keeling,  Journal  of  the  Iron  and  Steel  InsiituUj  1904, 
No.  I,  pp.  229-231.  (The  silicon  in  these  alloys  was  very  probably  below  0.20  per 
cent.). 

21  to  28.     Wiist,  Metallurgies  vol.  iii.,  pp.  1-13  (1906). 

^  Nos  11  to  13  and  21  to  2S  are  based  on  inverse  rate  curves.  The  temperatures 
here  given  are  those  of  the  greatest  retardation.  These  curves  do  not  show 
whether  there  was  either  an  arrest  or  a  recalescence,  strictly  speaking. 

In  the  Carpenter  and  Keeling  cases  Nos.  14  and  20  the  cooling  curves  show  no 
recalescence  as  distinguished  from  a  retardation.  Those  for  15  to  1 9  are  not  given, 
and  here  we  are  left  in  doubt  as  to  whether  there  was  a  recalescence. 
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must  have  been  on  or  below  B^BD.  (F)  Moreover,  it  must 
have  been  at  or  below  AB'By  because  a  heat  evolution  rapid 
enough  to  cause  an  arrest  could  occur  only  in  case  the  latent 
heat  of  solidification  of  austenite  is  then  evolving ;  and  austenite 
can  solidify  only  at  or  below  AB'B.  In  short,  from  (E)  the 
molten  must  have  been  on  or  below  B^BDj  and  from  (P)  it 
must  have  been  on  or  below  AB'B^  and  hence  (G)  it  must  have 
been  on  or  below  B^BD  at  or  below  B,  Because  its  tempera- 
ture was  1,123°,  B  must  be  at  or  above  1,123°,  Q.  E.  D. 

(25)  III.  The  Eutectic  Temperature  JSB  must  be  only  slightly 
above  1,123°. — The  reasons  for  this  inference  are  hinted  at  so 
vaguely  that  the  gaps  cannot  be  filled  with  confidence.  One 
conjectures  that  the  reasoning  is  somewhat  as  follows.  Whereas 
the  difficulty  is  to  explain  how  so  much  cementite  remains  un- 
graphitized  in  spite  of  the  rapidity  of  graphitization  at  the 
high  arrest  temperature,  1,123°,  at  which  it  was  generated; 
and  whereas  it  is  only  the  undissolved  or  free  cementite  that 
is  subject  to  graphitization ;  and^whereas,  in  so  relatively  rapid 
a  cooling  as  Gutowsky's,  the  cementite  precipitated  after  the 
arrest  and  during  the  subsequent  cooling  would  graphitize  but 
slightly,  so  that  it  is  the  persistence  of  the  cementite  free  at  the 
time  of  the  arrest  at  1,123°  that  needs  explanation;  therefore 
the  difficulty  is  reduced  to  a  minimum  by  assuming  at  the  time 
of  the  arrest  the  largest  quantity  of  dissolved  and  the  smallest 
quantity  of  free  cementite,  i.e.,  by  assuming  that  the  dissolved 
cementite  represents  1.7  per  cent,  of  carbon,  the  maximum 
solubility,  or  at  least  that  it  represents  a  quantity  only  very 
slightly  less.  If  the  carbon  content  represented  by  the  dis- 
solved cementite  were  1.7  per  cent.,  then  because  that  is  the 
carbon  content  of  austenite  deposited  at  eutectic  temperature, 
represented  by  point  E  on  SE^  it  would  follow  that  the  tem- 
perature at  which  it  was  deposited  was  the  eutectic  tempera- 
ture. If  the  dissolved  cementite  were  only  very  slightly  below 
1.7  per  cent,  then  because  the  temperature  on  SE  at  which 
such  austenite  is  deposited  is  only  very  slightly  below  the  eu- 
tectic temperature,  it  follows  that  the  observed  temperature  of 
deposit  and  arrest,  1,123°,  is  only  very  slightly  below  the  .eutec- 
tic temperature. 

(Note  the  distinction  between  the  carbon  content  of  the  aus- 
tenite deposited  and  that  of  the  layers  which  deposit.     If  we 
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were  to  assume  that,  in  undercooling,  the  carbon  content  of 
the  layers  which  deposit  is  represented  by  points  on  the  pro- 
longation of  AWE  (Fig.  3),  it  would  still  remain  true  that  the 
dissolved  carbon  content  of  the  austenite  in  those  layers  should 
as  a  maximum  be  represented  by  &Ey  for  SE  represents  the 
maximum  solubility  of  carbon  in  austenite,  the  solubility  when 
cementite  is  bodenkoerper ;  and  if  the  depositing  layers  contain 
more  carbon,  then  that  excess  should  be  present  as  free  cement- 
ite, or  as  graphite  resulting  from  its  graphitization.) 

In  short,  the  difficulty  of  explaining  the  persistence  ungraph- 
itized  of  so  much  cementite  would  be  reduced  to  an  absolute 
minimum  by  assuming  that  the  observed  arrest  temperature,  the 
crest  of  the  recalescence,  1,123°,  is  the  eutectic  temperature, 
and  it  is  reduced  nearly  to  a  minimum  by  assuming  that  it  is  only 
very  slightly  below  the  eutectic  temperature,  say  2°  below  it. 

The  argument  is  rash.  For  if,  as  it  implies,  0.484  per  cent 
of  carbon  in  free  cementite  which  existed  at  the  time  of  the 
arrest  may  persist  ungraphitized,  then  the  antecedent  improb- 
ability that  a  somewhat  larger  quantity,  say  0.584,  has  so  per- 
sisted is  certainly  not  great.  But  if  0.584  has  persisted,  and  if 
no  considerable  graphitization  occurred  after  the  arrest,  then 
the  dissolved  carbon  of  the  austenite  at  the  arrest  time  was 
2.184  —  0.584  =  1.6  per  cent.  But  in  that  case,  if,  as  we 
assume,  the  dissolved  carbon  of  the  austenite  at  the  eutectic 
temperature  is  1.7  per  cent,  or  0.10  per  cent,  more  than  the 
dissolved  carbon  content  of  the  austenite  at  the  arrest,  1,123°, 
then  the  eutectic  temperature  must  be  50°  above  1,123°,  be- 
cause the  slope  of  SE  calls  for  a  rise  of  5°  for  each  0.01  per 
cent,  increase  in  dissolved  carbon,  or,  in  short,  it  must  be  1,173°. 
In  short  the  reasoning  is  rash,  because  an  only  slight  and  per- 
missible change  in  one  of  the  premises  brings  us  to  a  result 
widely  different. 

It  may  be  that  his  ground  for  setting  EB  at  1,125°  is  that, 
granted  that  E'B'  is  at  1,135°,  and  further  that  the  horizontal 
gap  between  the  liquidus  parts  B*B^  and  BD  of  GK  and  SK 
should  form  a  smooth  continuation  of  the  gap  between  the 
parts  &'E  and  SE  of  GK  and  SK  in  the  solid,  then  EB  must 
needs  be  some  10°  below  JBJB^  in  order  to  bring  these  two 
gaps  thus  into  match.  K  so,  then  1,125°  should  be  taken  not 
as  the  observed  but  as  the  antecedently  probable  position  of 
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the  eutectic  temperature  based  on  the  position  assigned  to  S'W, 
which  position  itself  is  none  too  well  established. 

Though  it  is  true  that  the  sharpness  and  extent  of  the  rise 
of  temperature,  28°,  and  the  steadiness  of  the  arrest  at  the  peak 
temperature  are  more  suggestive  in  this  case,  No.  4,  than  in 
Nos.  1,  2,  and  3,  of  arrest  temperatures  below  the  true  eutectic, 
yet  the  mere  fact  of  this  greater  undercooling  would  in  itself 
tend  to  sharpen  and  increase  the  rise  of  temperature.  The 
suggestions,  then,  that  the  true  eutectic  temperature  is  between 
1,123°  and  1,130°  are  indeed  interesting,  but  are  they  more 
than  suggestions  ? 

(26)  (I.)  1,130°  must  be  Above  EB.— From  the  fact  that  the 
combined  carbon  content  of  alloy  of  No.  3,  which,  after  cooling 
to  1,123°,  recalesced  to  1,130,  is  less  than  JS',  viz. :  1.414  per 
cent,  instead  of  1.7,  Prof.  Ruff  infers  that  1,130°  must  be  above 
the  eutectic  temperature,  referring  the  presence  of  0.114  per 
cent,  in  excess  of  W  (1.414  —  1.30  =  0.114)  to  the  carbon 
content  of  the  molten  reaching  SK  towards  the  end  of  solidifi- 
cation. 

(26A)  Serious  gaps  appear  in  the  reasoning.  For  all  that  I 
now  see,  the  phenomena  are  explicable  as  easily  on  the  hypoth- 
esis that  1,130°,  the  recalescence  crest  of  alloy  3,  is  below  the 
eutectic  temperature  £JBy  as  on  Prof  Ruff's  hypothesis  that  it 
is  above  JEB.  Let  us  run  through  the  course  of  solidification, 
first  on  the  assumption  that  1,130°  is  above  JEB  and  then  on 
the  assumption  that  it  is  below  £JB.  On  the  former  assump- 
tion, the  course  of  the  molten  is  somewhat  as  shown  by  P'  Q'B^ 
Fig.  5.  Assume  undercooling  of  the  austenite  (see  18)  so 
that  the  temperature  and  carbon  content  of  the  molten  slide 
down  P'Q'  till  they  reach  Q'B'D'  at  §',  1,123°.  From  this 
point  on  the  heat  due  to  the  precipitation  and  graphitization  of 
the  cementite  made  metastable  by  crossing  to  below  Q'B'D\ 
added  to  the  latent  heat  of  the  simultaneous  precipitation  of 
austenite  which  has  been  occurring  from  P'  to  Q',  and  still 
continues,  suflices  first  to  retard  and  then  to  arrest  the  fall  of 
temperature,  all  as  shown  in  Gutowsky's  curve  No.  3,  and  then 
to  cause  a  rise  to  1,130°.  The  precipitation  of  austenite  con- 
tinues to  enrich  the  molten  in  cementite  faster  than  the  meta- 
stability  of  this  excess  of  cementite  leads  to  its  precipitation 
and  graphitization,  with  the  result  that  the  molten  increases  in 
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dissolved  cementite  content,  and  towards  the  end  reaches  B. 
Thus  the  temperature  and  carbon  content  of  the  molten  follow 
a  path  like  Q'J5,  solidification  naturally  accelerating  and  com- 
pleting itself  on  reaching  B. 

The  arrival  of  the  molten  at  B  causes  it  to  deposit  layers  of 
carbon  content  -&,  1.7  per  cent ;  but  yet  the  fact  that  the  aver- 
age combined  carbon  content  of  the  whole,  1,414  per  cent,  isfer 
less  than  -E,  is,  indeed,  only  slightly  above  -E^,  1.3  per  cent,  is 
very  easily  understood.  For  (A)  the  earliest  deposited  layers, 
deposited  before  selective  freezing  had  enriched  the  molten 


Fig.  6. — The  Course  op  the  Molten  dubing  the  Solidipicatiok 
OF  Gutowsky's  Cast-Ibon  No.  3,  on  the  assumi^tion  that  thb 
eutectic  temperatube  is  1,125®.     (24.) 

materially,  were,  of  course,  very  poor  in  carbon ;  and  diffuBion 
has  had  insufficient  time  to  enrich  them  very  greatly ;  and  (B) 
all  the  intermediate  layers  deposited  during  the  progressive 
enrichment  of  the  molten  up  to  ^  have  been  deposited  with  a 
dissolved  carbon  content  less  than  JEy  1.7  per  cent,  and  these, 
too,  have  been  only  incompletely  enriched  towards  JS  by  diffii- 
sion  during  the  limited  time. 

(27)   The  Eutectic  Temperature  may  be  Above  1,130°. — Next 
assuming  that  the  eutectic  temperature  is  above  1,130°,  say  at 
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1,135°,  let  us  represent  the  course  of  the  molten  of  alloy  No.  3 
with  a  very  different  temperature  scale,  as  in  Fig.  6,  assuming 
the  same  temperature-course  as  found  by  Gutowsky  and  shown 
in  Fig.  6.  With  this  temperature  assigned  to  EB^  the  observed 
course  of  the  molten  recorded  by  Gutowsky,  Fig.  4,  agrees  with 
propositions  12,  17,  and  18,  as  we  shall  now  see.  Admitting 
the  undercooling  called  for  by  proposition  18,  the  molten  crosses 


Fig.  6. — ^The  Coubse  of  the  Molten  during  the  Solidification 
OF  Gutowsky' 8  Cast-Iron  No.  3,  on  the  assumption  that  the 

EUTECTIC  TEMPERATURE  IS  1,136®.      (26.) 

GK  {D'B'Q')  at  Q',  when  the  metastabilizing,  precipitation, 
and  graphitization  of  cementite  suffice  first  to  retard  and  then 
to  arrest  the  cooling  at  the  observed  temperature  of  1,123°. 
Because,  as  before,  the  precipitation  of  carbon-poor  austenite 
enriches  the  molten  in  carbon  faster  than  this  metastabilizing 
and  precipitation  of  cementite  can  rob  it  of  carbon,  the  dis- 
solved carbon  content  of  the  molten  progressively  increases 
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from  Q'  towards  Q",  and  with  it  increases  the  carbon  content 
of  the  austenite  of  the  layers  precipitating  from  it,  till  the 
molten  reaches  SK  {B^BD)  by  a  path  like  Q'Q''. 

The  acceleration  of  the  precipitation  and  graphitization  of 
cementite  which  now  occur  causes  a  recalesence  towards  jB, 
but  not  fully  to  B^  stopping  at  the  observed  temperature  1,130°, 
Q"'.  The  austenite  of  the  layers  now  depositing  has  reached 
SEj  with  a  carbon  content  falling  short  of  1.7,  E^  by  only  the 
very  small  amount  representing  the  assumed  temperature  gap 
between  Q"'  and  the  eutectic  temperature  jEB,  but  for  the 
same  reasons  as  on  the  previous  hypothesis  the  average  com- 
bined carbon  content  of  the  austenite  as  a  whole  would  natu- 
rally be  only  slightly  in  excess  of  EJ 

Indeed,  proposition  (19)  seems  to  imply  that  the  eutectic 
temperature  must  be  at  least  as  high  as  the  observed  crest  of 
this  recalescence,  1,130°,  because,  if  I  understand  Professor 
Rufi  aright,  in  the  case  of  a  hypo-eutectic  alloy  such  as  this 
present  No.  3,  the  recalescence  cannot,  in  his  opinion,  rise  above 
the  eutectic  temperature.  Certainly  it  cannot  raise  the  molten 
above  ^PJB,  Fig.  2;  and  apparently  with  equal  certainty  it 
cannot  raise  it  above  SKy  because  this  would  cause  a  retarda- 
tion of  the  precipitation  and  graphitization  of  cementite  suffi- 
cient to  check  any  incipient  rise.  And  if  the  molten  when  at 
1,130°  is  neither  above  APB  nor  above  B^BD  {SK),  it  cannot 
be  above  By  and  hence  B  cannot  be  below  1,130°.  Indeed  the 
curve  QBy  which  I  have  been  obliged  to  draw  in  order  to  make 
the  observed  cooling  curve  agree  with  his  theory  that  EB  is 
below  1,130°,  contradicts  his  theory  set  forth  in  (17)  that  a 
material  recalescence  can  hardly  occur  before  the  concentra- 
tion of  the  molten  has  reached  SK.  One  is  tempted  to  ask 
whether  Prof  Ruff  has  not  overlooked  the  fact  that  the  recales- 
cence of  this  alloy  No.  3  rises  to  1,130°,  a  fact  shown  clearly 
in  Gutowsky's  Fig.  617,  though  not  referred  to  in  his  table. 
Section  36  gives  evidence  tending  to  set  the  eutectic  tempera- 
ture much  higher,  even  as  high  as  1,149°. 

(28)  A  Possible  Simplification, — For  the  purpose  of  holding 
that  the  width  of  the  gap  between  GK  and  SK  in  the  molten 
is  a  smooth  continuation  of  that  same  width  in  the  solid,  it  may 
be  important  to  assume  that  the  true  eutectic  temperature,  EBy 
is  10°  below  the  "  near-eutectic  temperature,"  EB'y  and  that 
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this  is  at  1,135°.  Yet  the  phenomena  immediately  before  us 
seem  open  to  the  interpretation  that  the  true  eutectic  tempera- 
ture is  at  least  as  high  as  1,186°,  and  that  the  troughs  of  the 
recalescences  of  alloys  1  to  5  represent  undercooling  below  that 
eutectic  temperature.  Professor  Ruff's  extremely  ingenious 
theory  may  be  true,  with  its  "  near-eutectic  "  and  true  eutectic 
temperatures,  and  its  view  that  the  undercooling  in  hyper- 
eutectic  alloys  is  to  between  these  two  temperatures,  but  in 
hypo-eutectic  alloys  to  below  the  lower  of  them ;  but  if  the 
simpler  theory  that  the  governing  temperature  is  the  true 
eutectic  temperature,  that  such  undercoolings  as  occur  are 
undercoolings  below  it,  and  such  recalescences  as  occur  are  at- 
tempts to  reach  it, — if  this  theory  suffices  to  explain  the  phe- 
nomena at  hand,  its  simplicity  would  seem  to  offer  a  certain 
advantage,  at  least  in  view  of  the  existing  conflicts  of  data  con- 
cerning the  hyper-eutectic  liquidus. 

Therefore  let  me  run  through  the  phenomena  on  this  simpler 
theory.  On  it,  and  yet  adopting  Professor  Ruff's  propositions 
so  far  as  they  do  not  conflict  with  simplification,  the  conditions 
would  be  somewhat  as  follows  : 

The  true  eutectic  temperature  is  at  least  as  high  as  1,135°. 
(See  89.) 

(29)  All  that  we  can  infer  as  to  B'  from  the  curve  of  B'D' 
of  Ruff  and  Goecke,  and  from  their  experiments  tending  to 
show  that  BD  is  not  at  the  left  of  5' D',  is  that  B'  is  probably 
not  far  above  B, 

In  the  hypo-eutectic  irons  solidification  begins  with  the  pre- 
cipitation of  primary  austenite,  say  along  P'Q'  Fig.  6,  followed 
on  crossing  the  undercooling  prolongation  of  JB'Z)'  at  Q'  by  the 
partial  precipitation  of  that  part  of  the  cementite  thereby  made 
metastable,  which  graphitizes  more  or  less  rapidly  according  to 
the  temperature.  But  because  the  precipitation  of  carbon-poor 
austenite  enriches  the  molten  in  cementite  faster  than  the 
graphitization  of  the  cementite  metastabilized  by  the  passage 
to  the  right  of  Q'B'  impoverishes  it,  the  carbon  content  of  the 
molten  moves  to  the  right,  say  along  Q'Q"  till  SK^  BB^^  is 
reached,  say  at  Q".  The  starting  of  the  carbon  content  of 
the  molten  to  cross  8K  (B^B)  accelerates  the  precipitation  of 
cementite,  the  graphitization  of  which  goes  on  with  a  rapidity 
proportional  to  the  existing  temperature,  and  this  acceleration 
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of  precipitation  and  graphitization  of  cementite,  added  to  the 
continuing  solidification  of  austenite,  as  both  now  precipitate 
eutectically,  brings  the  heat  evolution  to  a  rapidity  which  suf- 
fices to  cause  a  recalescence,  say  to  Q"',  all  as  already  set  forth 
in  section  25. 

But  while  the  progressive  enrichment  of  the  molten  in  cement- 
ite is  progressively  raising  the  dissolved  carbon  content  of  the 
austenite  of  the  layers  which  that  molten  deposits  from  S'^ 
towards  and  finally  to  S£J^  yet  in  the  layers  already  solid  the 
opposite  is  continually  occurring.  In  all  those  austenite  layers 
deposited  after  the  molten  has  crossed  to  the  right  of  GK 
(Q'JS'J)')  some  graphite  is  present,  born  of  the  graphitization 
of  the  cementite  metastabilized  by  that  crossing. 

In  any  given  layer,  after  the  deposition  of  the  next  succeed- 
ing layers  has  isolated  it  from  the  influence  of  the  molten,  the 
graphite  thus  present  is  the  bodenkoerper.  It  is  indeed  true 
that  any  free  cementite  which  has  precipitated  because  metasta- 
bilized by  the  crossing  to  the  right  of  Q'B'D'^  and  has  thus  far 
resisted  graphitization,  would  within  the  sphere  of  its  influ- 
ence compete  with  this  graphite  in  the  attempt  to  act  as  boden- 
koerper. But  this  is  a  waning  influence,  because  this  cementite 
is  continually  graphitizing  with  a  rapidity  dependent  both  on 
the  existing  temperature  and  on  the  quantity  of  surface  which 
the  cementite  and  the  co-existing  graphite  offer  to  the  solid 
austenite  in  which  they  are  bathed.  For  the  solubility  of  car- 
bon in  contact  with  graphite  particles  being  less  than  that  in 
contact  with  cementite  particles,  the  graphite  is  continously 
sucking  or  precipitating  out  of  this  austenite  all  near-by  carbon 
in  excess  of  S'E^  and  the  cementite  is  simultaneously  dissolv- 
ing in  that  same  austenite  in  the  Danaidic  attempt  to  keep  the 
carbon  content  of  the  environing  austenite  up  to  SE.  The 
rapidity  of  this  transfer  of  the  carbon  of  the  cementite  through 
solution  in  the  austenite  to  the  microscopic  graphite  islets  will 
manifestly  depend  not  alone  on  the  temperature,  but  also  on 
the  extent  of  surface  which  graphite  and  free  cementite  offer  to 
the  austenite  bath  in  which  they  co-exist,  and  the  surface-extent 
will  vary  with  the  capriciously  varying  form  and  distribution  of 
the  individual  islets  of  graphite  and  of  cementite.  Hence  great 
capriciousness  of  speed  of  graphitization  is  to  be  expected,  and 
actually  exists. 
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(30)  This  is  the  condition  of  affairs  to  which  I  would  direct 
attention,  (see  (34)),  (A)  a  progressive  increase  in  the  dissolved 
carbon  content  of  the  molten,  and  hence  from  layer  to  layer  of 
the  depositing  solid,  with  (B)  a  simultaneous  graphitization  of 
the  carbon  in  excess  of  /S'j^  in  the  solid  isolated  from  the 
molten  by  later  deposited  layers,  and  under  the  over  groVing 
influence  of  the  solid  graphite.  So  too  with  any  ungraphitized 
free  cementite  of  the  eutectic.  The  graphitization  is  rapid  at 
1,135° ;  and  though  it  is  retarded  greatly  and  capriciously  with 
fall  of  temperature,  yet  it  continues  at  far  lower  temperatures. 
To  this  point  I  will  return.     (See  37.) 

(81)  Turning  now  to  the  Gutowsky  cases  in  the  concrete. 
Table  I.  and  Fig.  4,  note  first  the  progressive  lowering  of  both 
trough  and  crest  of  the  recalescence  from  1,130°  and  1,138° 
in  No.  1  to  1,093°  in  No.  5,  with  progressive  fall  in  the  total 
carbon  content.  This  descent  of  the  recalescence  with  decreas- 
ing carbon  content  is  parallel  to  the  familiar  descent  in  the 
case  of  Arl,  and  may  be  referred  to  like  causes,  especially  to 
the  greater  undercooling  effect  of  the  larger  mass  of  pro-eutec- 
tic  austenite,  wholly  irresponsive  to  the  passage  past  £1B.^^ 
Next  note  the  progressive  decrease  in  the  proportion  of  the 
total  carbon  which  graphitizes  as  the  carbon  content  decreases. 
Thus  79  per  cent,  of  the  total  carbon  graphitizes  in  No.  1,  and 
only  21  per  cent,  remains  combined,  whereas  in  No.  5  only  13 
per  cent,  graphitizes,  and  in  No.  6  none  does.  This  seems 
readily  explicable  by  two  very  simple  influences.  1st,  the  pro- 
gressive lowering  of  the  temperature  of  solidification  and  the 
great  retardation  of  the  graphitization  consequent  on  this  low- 
ering; and  2d,  the  progressive  enfeeblement  of  the  graphitiza- 
tion at  all  lower  temperatures  through  this  restriction  of  the 
quantity  of  graphite  formed  at  temperatures  at  which  graph- 
itization is  rapid.  Graphitization  is  a  process  which  should 
accelerate  itself.  The  graphite  is  a  sponge  which  sucks  the 
dissolved  carbon  out  of  the  solid  austenite,  and  thus  leads  the 
cementite  present  to  dissolve,  so  that  the  more  graphite  is 
present  the  faster  should  be  the  graphitization  of  the  residual 
cementite.^*     Witness  Gutowsky's  finding  that,  though  in  the 

"  See  also  Howe,  Proceedings  of  the  American  Society  for  Testing  MatericUs,  vol,  xL, 
p.  303  (1911). 
i«  MetaUurgicy  vol.  vi.,  p.  739  (1909). 
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initial  absence  of  graphite  the  graphitization  of  cementite  was 
nil  during  3  hr.,  at  1,080''  to  1,090^,  quite  as  in  Tiemann's  "  ex- 
periments, yet  a  mere  prolongation  of  exposure  to  this  same 
temperature  caused  complete  graphitization  of  the  whole  of  the 
free  cementite  in  24  hours. 

(32)  The  course  of  solidification  of  a  hypo-eutectic  alloy  has 
just  been  shown  in  (29)  to  agree  with  this  general  conception. 
Turning  now  to  the  course  of  the  molten  of  a  hyper-eutectic 
alloy,  it  may  be  conceived  as  along  M^MNR  in  Fig.  6.  That 
is  to  say  the  molten  of  carbon  content  M  and  originally  start- 
ing at  temperature  MM^  cools  without  solidification  till,  on 
crossing  B^D'  at  M^  the  cementite  thereby  metastabilized 
begins  precipitating,  and,  because  of  the  very  high  tempera- 
ture, as  it  precipitates  graphitizes  very  rapidly.  This  outfall- 
ing  of  cementite  moves  the  carbon  content  of  the  molten  pro- 
portionally to  the  left.  The  undercooling  below  BD^  which 
Prof.  Ruff  confines  to  cases  of  very  rapid  cooling,  I  assume  to 
occur  even  with  Gutowsky's  rate  of  cooling,  an  assumption 
which  seems  to  me  perfectly  admissible.  The  crossing  of  BB 
at  iV accelerates  the  precipitation  and  graphitization  of  cement- 
ite, and  the  carbon  content  of  the  molten  shifts  more  rapidly 
to  the  left,  striking  P^B^B  at  its  prolongation  R,  The  arrival 
at  this  line  causes  the  co-precipitation  euteieticwise  of  austenite 
with  the  cementite  still  precipitating,  and  this  addition  to  the 
heat  evolution  sufiices  to  cause  a  recalescence  along  RB^  say  to 
jR'.  Thus  may  be  explained  the  recalescence  which  occurs  in 
both  of  Gutowsky's  hyper-eutectic  alloys. 

(33)  The  variations  in  the  combined  carbon  content  of  Gu- 
towsky's alloys  explain  themselves  readily  as  representing  (A) 
the  fact,  brought  out  in  column  7  of  Table  I.,  that,  as  the  total 
carbon  content  decreases,  the  proportion  of  that  total  carbon 
which  graphitizes  decreases;  and  this  in  turn  readily  explains 
itself  through  (B)  the  fact  that  the  smaller  the  total  carbon 
content,  the  greater  is  the  undercooling,  and  consequently  (C) 
the  lower  the  temperature  at  which  the  cementite,  initially  dis- 
solved in  complete  stability,  precipitates  and  thus  becomes 
graphitizable ;  (D)  that  the  lower  this  temperature  the  slower 

"  The  Metalhgraphisty  vol.  iv.,  p.  319  (1901).  Tiemann's  iron  contained  0.255 
per  cent,  of  graphite  initially,  which  did  not  increase  appreciably  during  the 
heatings. 
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is  graphitization ;  and  (E)  that  the  more  graphite  is  present^ 
the  faster  is  graphitization.  It  is  necessary  to  bear  in  mind 
both  that  cementite  can  graphitize  after  solidification  has  com- 
pleted itself,  indeed  at  much  lower  temperatures;  and  that  this 
graphitization  is  capricious,  both  of  which  points  I  touch  on 
elsewhere.     (See  36  and  37.) 

(34)  Thus  there  is  a  race  between  two  opposing  tendencies, 
(A)  the  progressive  enrichment  of  the  molten,  and  the  conse- 
quent enrichment  of  the  austenite  layers  depositing,  tending 
to  increase  the  final  resultant  combined  carbon  content,  and  (B) 
the  tendency  to  lower  that  combined  carbon  content  through 
graphitization.  The  enrichment  of  the  molten  we  have  seen 
in  §§26  and  27  tends  to  raise  the  dissolved  carbon  content  of 
the  successively  deposited  layers  up  to  SE^  and  on  reaching  SB 
to  lead  to  the  birth  of  eutectic  throughout  the  remainder  of 
solidification,  an  influence  tending  to  raise  the  combined  carbon 
of  the  whole.  On  the  other  hand  graphitization  tends  to  lower 
that  combined  carbon  content  to  S^E'  for  the  existing  tempera- 
ture, 1st  by  graphitizing  all  free  cementite  and  thus  eliminat- 
ing it  as  a  bodenkoerper,  and  2d  by  precipitating  and  graph- 
itizing all  dissolved  cementite  in  excess  of  S^E'  for  the  existing 
temperature. 

Thus  the  various  Gutowsky  data  explain  themselves  readily 
on  this  simplified  hypothesis  that  the  true  eutectic  temperature 
is  as  high  as  1,135°,  and  that  all  the  undercoolings  are  under- 
coolings below  the  true  eutectic  temperature,  if  we  admit  that 
with  such  a  rate  of  cooling  as  Gutowsky's  undercooling  may 
pass  below  BD.  The  question  then  is,  "Is  this  admission 
justifiable  ? " 

(35)  As  regards  the  effect  of  a  rapid  cooling,  note  that  on  one 
hand  it  tends  to  lessen  the  quantity  of  combined  carbon  by  re- 
stricting the  diffusion  of  the  carbon  back  from  the  later  deposited 
and  richer  austenite  layers  and  from  the  eutectic  austenite  and 
cementite,  if  any,  to  the  earlier  deposited  and  poorer  layers,  so 
that  at  the  end  the  austenite  on  an  average  of  its  whole  will  con- 
tain less  dissolved  and  hence  perfectly  stable  ungraphitizable 
cementite,  and  more  of  the  cementite  will  be  present,  either 
metastable  at  the  right  of  Q^B^D',  and  thus  precipitable  and 
graphitizable,  or  even  in  the  molten  on  B^BDy  and  hence 
quickly  precipitating  and  thereby  graphitizable.     But  on  the 
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other  hand  rapidity  of  cooling  lessens  the  opportunity  for 
graphitization  of  the  cementite  made  free,  both  by  shortening 
the  time  available  and  by  leading  to  a  lower  birth  temperature. 
Thus  by  increasing  the  undercooling  of  the  austenite  it  lowers 
the  temperature  at  which  Q'B'D  and  B^BD  respectively  are 
crossed,  e.^.,  from  B'  and  B  to  Q'  and  Q",  i.e.,  the  temperature 
at  which  the  precipitation  of  cementite  begins  and  that  at  which 
it  accelerates  critically. 

Experience  proves  abundantly  that,  under  all  usual  condi- 
tions, this  graphitization-impeding  effect  of  rapidity  of  cooling 
outweighs  its  contrary  effect  in  restricting  diffusion. 

(36)  Capriciousvess  of  Graphitization,  i.  e..  Important  Influence 
of  Unnoticed  Variations  in  the  Conditions. — Prom  the  fact  that 
the  graphitization  of  cementite  should  occur,  at  least  in  large 
part,  through  the  action  of  the  graphite  nuclei  in  sucking  the 
carbon  out  of  the  austenite,  and  thereby  leading  to  the  dissolv- 
ing of  the  free  cementite,  that  this  sucking  action  occurs  at  the 
surface  of  the  particles  of  graphite,  and  that  the  dissolving  of 
the  cementite  occurs  at  its  own  surface,  and,  further,  that  the 
extent  of  surface  of  each  is  likely  to  vary  capriciously  with  the 
exact  conditions  of  crystallization,  we  naturally  expect  the  rate 
of  graphitization  to  be  capricious.  Our  general  knowledge 
of  the  subject  agrees  with  this  expectation.  But  specific  in- 
stances are  at  hand.  Thus,  Ruer  and  Hjin,^®  experimenting  on 
two  apparently  like  pieces  of  gray  cast  iron,  initially  with  0.50 
per  cent,  of  combined  carbon,  Nos.  1  and  5  of  Table  EL.,  heated 
both  to  1,100°,  held  them  there  for  3  hr.,  and  then  cooled  them 
during  3  hr.  to  800°.  Thus  far  all  the  conditions  seem  to  have 
been  identical.  At  800°  the  dissolved  carbon  content  should, 
according  to  Ruer  and  Iljin's  line,  have  fallen  to  about  0.75  per 
cent.,  and  the  rest  of  the  combined  carbon  naturally  should 
have  existed  as  free  cementite.  Arriving  thus  at  800°,  No.  5 
was  cooled  pretty  rapidly,  in  from  10  to  15  min.,  to  room  tem- 
perature; No.  1  was  held  at  800°  for  12  hr.  and  then  quenched. 
The  one  held  12  hr.  at  800°  had  1.27  per  cent,  of  combined 
carbon,  practically  that  which  it  should  have  held  in  solution 
at  1,100°,  so  that  there  had  been  no  graphitization  either  dur- 
ing the  3  hr.  cooling  to  800°  or  during  the  12-hr.  sojourn  at 


"  MetaUurgie,  vol.  viii.,  p.  100  (1911). 
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Table  II. — Capriciousness  of  GraphUization  in  the  Experiments 
of  Ruer  and  Iljin. 


No.  1. 

No.  5. 

No.  7.                                        No.  8. 

i,ioe 

)°  for  3  hours. 

1,100°  for  3  hours. 

^ '  3  hours. 
800° 

Quenched. 
RoomT° 

^ 

800°  for  12  hours.        800° 

900° 

9 

Quenched. 
RoomT** 

f  10  to  15  min. 
RoomF 

T  3  hours. 
800  for  4  hours.             800  for  }  hour. 

T  2  hours. 
700°  for  1  hour. 

Quenched. 

Room  T°. 

Ck>mbined 
Carbon. 
Per  Cent. 

Combined  Carbon. 
Per  Cent. 

Combined  Carbon. 
Per  Cent. 

Combined  Carbon. 
Per  Cent. 

1.27 

0.73 

0.93 

0.57 

800°.  The  other,  cooled  somewhat  quickly  immediately  on 
reaching  800°,  contained  only  0.75  per  cent,  of  carbon,  or  that 
corresponding  to  the  solubility  of  carbon  at  800°,  on  Ruer  and 
Hjiu's  line.  Thus  in  the  former  case  during  3  hr.  cooling  plus 
12  hr.  sojourn  at  800°  no  graphitization  occurred,  whereas  in 
the  latter  case  complete  graphitization  of  the  carbon  in  excess 
of  8' I?  occurred  during  the  3  hr.  cooling,  without  any  sojourn 
at  all ;  or,  in  short,  the  graphitization  was  most  capricious. 

It  is  true  that  they  try  to  explain  away  the  discrepancy  between 
their  Nos.  1  and  5  by  imagining  that  the  0.54  per  cent,  extra 
graphitization  of  the  combined  carbon  of  No.  5  occurred  during 
the  10  to  15  min.  slow  cooling  from  800°  to  the  room-tempera- 
ture, explaining  that  while  graphitization  does  not  take  place 
between  1,100°  and  800°,  it  does  below  800°  if  there  has  been 
a  sojourn  above  800°.  But  this  explanation  should  be  accepted 
very  cautiously,  (A)  because  the  graphitization  of  as  much  as 
0.54  per  cent,  of  combined  carbon  in  the  almost  complete  ab- 
sence of  silicon  in  a  15-min.  cooling  from  800°  to  the  room- 
temperature  is  far  more  rapid  than  our  general  knowledge  of 
the  conditions  of  graphitization  leads  us  to  expect;  (B)  because 
this  explanation  fails  completely  to  explain  the  very  great  difier- 
ences  between  their  Nos.  7  and  8,  which  apparently  had  equiv- 
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alent  sojourns  above  800°  and  identical  conditions  below  800° ; 
and  (C)  because  in  my  pure  cast-iron  described  in  this  section, 
though  there  was  long  exposure  to  temperatures  between  800° 
and  1,000°,  graphitization  on  subsequent  very  protracted  expo- 
sure to  temperatures  below  800°  was  extremely  slow. 

Again  in  their  cases  7  and  8,  the  conditions  were  almost 
identical,  as  shown  by  the  parallel  columns  in  Table  IL,  yet 
the  ungraphitized  carbon  was  63  per  cent  greater  in  No.  7 
than  in  No.  8. 

Again  a  specimen  of  very  pure  cast-iron,  prepared  under  my 
directions  by  my  assistant,  A.  G.  Levy,  by  melting  Professor 
Burgess's  pure  electrolytic  iron  under  an  excess  of  sugar  char- 
coal, certainly  seems  to  have  retained  its  combined  carbon 
much  more  tenaciously  than  the  irons  of  Ruer  and  Bjin,  having 
no  less  than  1.14  per  cetit.  of  combined  carbon  out  of  a  total 
carbon  content  of  3.494,  after  prolonged  exposure  to  tempera- 
tures both  above  and  below  800°.  The  treatment  of  this  speci- 
men for  the  purpose  of  graphitizing  the  cementite  consisted 
first  of  a  2-hr.  cooling  from  1,100°  to  900°-l,000°,  followed 
by  a  moderately  slow  cooling  to  the  room-temperature,  then  of  * 
five  slow  coolings  from  815°  and  from  790°,  aggregating  at 
least  11  hr.,  in  order  to  graphitize  the  pro-eutectoid  cementite 
precipitating  at  these  temperatures,  and  finally  in  very  long 
holdings,  79.5  hr.  between  635°  and  71.0°,  and  118.5  hr.  be- 
tween 700°  and  750°,  for  the  purpose  of  graphitizing  the 
cementite  formed  on  cooling  below  the  "  near-eutectoid  "  tem- 
perature, i.  e.,  the  junction  of  S^W  and  GOS.  Though  at  the 
end  of  the  79.5  hr.  holdings  the  combined  carbon  was  reduced 
to  1.14  per  cent.,  yet  some  prominent  crystals  of  cementite 
persisted  ungraphitized  even  till  the  end  of  the  additional 
118.5  hr.,  as  shown  in  Fig.  8.  They  were  shown  to  be  cement- 
ite by  darkening  with  sodium  picrate.  The  persistence  of  the 
initial  ingot  structure  is  shown  by  the  well-marked  rectangular 
areas  in  Fig.  9  of  this  same  specimen  after  the  six  slow  coolings. 
The  white  dendrites  are  evidently  the  relics  of  the  layers  first 
to  solidify,  and  therefore  poorer  in  carbon  than  those  which 
solidify  later.  The  persistence  of  this  dendritic  structure  shows 
how  slow  diffusion  may  be.  Other  instances  of  very  tardy 
graphitization  are  given  in  Appendix  I. 

In  view  of  this  great  capriciousness  of  the  rate  of  graphitiza- 
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tion,  the  quantitative  determinations  of  this  rate  by  Ruff,  based 
on  these  few  cases  of  Gutowsky's,  should  not,  I  believe,  receive 
great  weight,  especially  because  the  variations  in  the  silicon  of 
the  Gutowsky  irons  were  such  as  to  contribute  to  the  decrease 
of  graphitization  with  decreasing  carbon  content  Thus  his 
hyper-eutectic  irons  had  0.09  per  cent,  of  silicon,  whereas  his 
hypo-eutectic  ones  had  only  from  0.045  to  0.064.  Again  though 
the  slower  cooling  of  Carpenter  and  Reeling's  alloy  No.  20  of 
Table  I.  should  have  favored  graphitization,  it  had  no  graphite, 
though  the  closely  corresponding  No.  5  of  Gutowsky  had  0.282 
per  cent. 

Again  the  combined  carbon  content  in  Carpenter  and  Reel- 
ing's irons  cooled  under  apparently  like  conditions  varied  ca- 
priciously, as  shown  by  Nos.  14  to  20  in  Table  I.  Though 
there  is  indeed  a  general  decrease  in  graphitization  as  the  car- 
bon content  falls,  yet  the  irregularities  in  this  decrease  are 
greater  than  we  should  expect  from  unrecorded  variations  in 
the  conditions. 

Like  variations  occur  among  the  Wiist  cases  in  Table  I.,  but 
these  seem  referable  to  the  capricious  variations  in  the  tem- 
peratures at  which  the  arrests  occur,  which  variations  them- 
selves are  unexplained  as  noted  below. 

Further  indications  of  considerable  capriciousness  are  found 
(1)  in  the  much  higher  arrest  or  recalescence  temperatures  of 
some  of  Carpenter  and  Reeling's  alloys,  e.g.^  Nos.  15,  18,  and 
19,  than  in  the  corresponding  ones  of  Gutowsky ;  in  the  irreg- 
ularity with  which  this  arrest  temperature  varies  with  decreas- 
ing carbon  content  in  the  Carpenter  and  Reeling  alloys ;  and 
in  the  imperfect  accord  between  Gutowsky's  first  and  second 
series.  The  more  rapid  cooling  in  his  second  series  would  be 
expected  to  favor  undercooling ;  yet  the  undercooling  seems  on 
the  whole  less  than  in  his  first  series,  for  like  carbon  content. 

The  Wiist  cases  in  Table  I.  give  like  evidence.  First  their 
arrest  temperature  even  in  hypo-eutectic  irons  rises  to  1,149°, 
or  far  above  any  corresponding  temperature  reached  under  like 
conditions  in  the  Gutowsky  data  and  reminding  us  that  Wit- 
torf  puts  the  "  near-eutectic "  temperature  as  high  as  1,180°* 
Second  they  vary  capriciously  among  themselves,  the  two 
lowest  in  carbon,  Nos.  27  and  28  with  3.02  and  2.94  per  cent, 
of  carbon  respectively,  have  their  arrests  at  1,135°  and  1,132°, 
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or  well  above  the  arrests  of  alloys  much  richer  in  carbon,  e.g., 
Nos.  22  and  26,  with  4.04  and  3.29  per  cent,  of  carbon  re- 
spectively, and  with  arrests  at  1,122*^  and  1,112°. 

The  alloy  richest  but  one  in  carbon,  No.  22,  has  its  arrest  at 
a  temperature  much  below  that  of  any  of  the  others  except 
No.  26.  The  only  hyper-eutectic  alloy.  No.  21,  has  its  arrest 
temperature  lower  than  the  alloy  poorest  in  carbon.  No.  28, 
and  lower  than  four  other  hypo-eutectic  alloys,  Nos.  28,  24,  25, 
and  27.  In  some  of  these  cases  the  variations  in  the  rate  of 
cooling  go  towards  explaining  the  discrepancies,  but  not  the 
discrepancy  between  Nos.  22  and  23.  Note  that  though  Nos.  24 
and  26  have  almost  identical  carbon  content,  and  though  the 
much  slower  cooling  of  25  should  tend  to  raise  its  arrest  tem- 
perature, in  fact  the  temperature  is  3°  lower  than  in  No.  24. 

The  interpretation  of  this  evidence  should  be  extremely 
cautious.  The  most  striking  thing  about  it  is  that,  whereas 
each  of  the  Gutowsky  series  is  concordant  taken  in  and  by 
itself,  with  the  arrest  or  recalescence  temperature  as  the  case 
may  be  falling  progressively  with  the  carbon  content;  and 
whereas  the  anomalies  in  the  Heyn  and  Bauer  cases  may  read- 
ily be  due  to  the  variations  in  silicon  content,  yet  the  Carpen- 
ter and  Keeling  and  the  Wiist  results  are  not  concordant  inter 
scj  the  arrest  temperature  having  little  relation  to  the  carbon 
content.  Even  if  we  were  to  challenge  the  Carpenter  and 
Keeling  results  because  the  cooling  curves  themselves  are  not 
given,  the  Wiist  difficulty  would  remain,  for  these  cases  rest 
on  legible  inverse-rate  curves,  with  very  sharp  retardations. 

In  view  of  the  antecedent  probability  that  the  eutectic  tem- 
perature should  fall  with  decreasing  carbon  content;  of  the 
continuous  fall  in  each  of  the  Gutowsky  series ;  of  the  appa- 
rent very  great  care  with  which  he  worked;  and  of  the 
possibility  that  these  earlier  investigators  may  have  over- 
looked some  needed  precaution;  one  comes  away  with  the 
impression  that  the  law  is  probably  true,  but  that  the  unno- 
ticed variations  in  the  conditions  may  easily  obscure  it  under 
the  intrinsically  difficult  observational  conditions.  We  can  at 
least  say  this :  that  in  each  series  in  which  there  is  a  carbon 
content  less  than  2.74  per  cent.,  this  further  lowering  of  the 
carbon  content  is  accompanied  by  a  marked  lowering  of  the 
arrest  temperature.     Further  evidence  is  awaited. 
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(87)  Ghraphitization  Continues  at  Temperatures  far  below  the 
Freezing-Range, — ^If  we  accept  the  line  of  Ruer  and  Iljin,  then 
it  is  clear  that,  in  Gutowsky's  alloy  No.  1,  graphitization  con- 
tinued at  least  down  to  1,000°,  for  in  no  other  way  can  we 
explain  how  its  combined  carbon  content  comes  to  be  so  low, 
1.08  per  cent.  For  if  as  long  as  the  cementite  is  dissolved  in 
the  austenite  in  quantity  not  to  exceed  S'l?  it  is  perfectly  stable 
and  ungraphitizable,  then  graphitization  could  not  reduce  the 
combined  carbon  content  to  1.08  per  cent,  as  it  did,  till  the 
temperature  had  sunk  to  1,000°,  at  which  the  solution  and 
hence  ungraphitizable  carbon  content  for  the  first  time  falls 
as  low  as  1.03,  only  that  in  excess  of  1.03  being  graphitizable. 

Again  in  the  malleablizing  process  the  combined  carbon  con- 
tent often  becomes  negligible.  In  the  case  given  in  Table  III.  it 
is  only  0.022  per  cent.  Benedicks^^  too  graphitized  completely 
the  pearlitic  cementite  of  a  gray-iron  by  seesawing  at  tempera- 
tures which  rose  at  the  highest  to  but  little  above  800°. 
Further  I  have  collected  three  trustworthy  cases  in  which  com- 
mercial cast-iron  contained  no  combined  carbon,  together  with 
one  in  which  it  had  only  0.04  per  cent.^° 

But  the  ungraphitizable  dissolved  carbon  content  evidently 
cannot  fall  so  low  at  any  point  on  S'M  above  5',  the  GK  or 
^  near-eutectoid  "  temperature,  A'l^  at  which  8'M  cuts  GOS2X 
carbon  content  about  0.70  per  cent.  On  cooling  past  A'l  a 
transformation  parallel  to  that  which  occurs  in  cooling  past 
Al  should  occur;  i.e.,  the  austenite  under  the  domination  of 
graphite  as  bodenkoerper  should  here  break  up  into  a  con- 
glomerate of  ferrite  and  graphite,  just  as,  when  cementite  is 
bodenkoerper,  austenite  breaks  up  at  Arl  into  ferrite  and 
pearlitic  cementite.  Hence  when  we  find  the  combined  carbon 
less  than  the  A'l  carbon  content,  say  0.70  per  cent.,  we  infer 
that  graphitization  has  continued  to  below  A'l. 

Ruer  and  Iljin's  line  implies  that  A'l  is  at  least  as  low  as  775° 
even  if  we  accept  the  high  position  assigned  to  GOS  by  Goerens 
and  Meyer.^^  This  then  implies  that,  at  least  in  the  presence 
of  silicon  as  in  the  manufacture  of  malleable  cast-iron,  graphi- 
tization continues  habitually  at  least  down  to  775°. 

»  Melallurgie,  vol.  v.,  p.  42  (1908). 
»  IVoTM.,  xxxix.,  58  (1908). 

"  Goerens  and  Meyer,  MetaUurgie,  vol.  vii.,  pp.  307-312  (1910). 
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Ruer  and  Iljin's  pap^Br  has  coufirmatory  internal  evidence 
(their  Table  I.)  tending  to  show  that  -4'i,  the  near-eutectoid 
temperature,  is  between  700°  and  800° ;  for  on  reheating  gra- 
phitic cast-irons  in  which  the  combined  carbon  content  had 
been  brought  very  low,  there  was  marked  increase  in  the  com- 
bined carbon  when  the  reheating  temperature  was  800°  but 
none  when  it  was  700°.  At  A^l  re-combination  up  to  S'E^ 
0.7  per  cent,  of  carbon  should  occur,  the  graphite  present  dissolv- 
ing in  the  austenite  to  that  extent,  but  we  hardly  look  for  such 
recombination  below  A'  1,  It  may  indeed  be  true  that  external 
graphite  will  dissolve  in  iron  between  Al  and  A'i,  the  small 
quantity  of  pearlitic  cementite  present  dissolving  to  form  a 
small  quantity  of  austenite  on  rising  past  Acl^  and  the  external 
graphite  cementing  that  austenite.  But  internal  graphite  pres- 
ent so  abundantly  as  in  these  irons  of  Ruer  and  Iljin  would  be 
expected  to  act  so  efficiently  as  bodenkoerper  that,  at  all  tem- 
peratures below  ^'i,  the  solubility  of  carbon  in  the  presence  of 
graphite  being  nil  here,  it  would  precipitate  all  dissolved  carbon 
as  fast  as  it  dissolved.    Further  evidence  on  this  point  is  needed. 

But  even  in  Ruer  and  Iljin's  alloys  nearly  free  from  silicon 
(0.05  per  cent,  of  silicon  with  0.21  per  cent,  of  manganese)  the 
combined  carbon  content  fell  to  0.27  per  cent,  which  by  the 
reasoning  just  set  forth,  shows  that  graphitization  must  have 
continued  at  least  down  to  A'i,  L  e.  at  least  down  to  775°. 

And  whatever  reasonable  position  we  assign  to  GOS  and 
S'JE^y  the  frequent  low  combined  carbon  content  of  very  gra- 
phitic malleable  castings,  the  occasional  like  combination  in 
gray  cast-iron,  the  low  combined  carbon  of  Ruer  and  Hjin,  and 
the  complete  graphitization  by  Benedicks,  show  with  mathe- 
matical certainty  that  graphitization  continues  down  to  tem- 
peratures very  far  below  the  freezing  range  unless  our  present 
theories  are  far  wrong. 

That  graphitization  goes  on  with  v<Ty  considerable  rapidity 
in  the  presence  of  silicon  at  temperatures  below  the  freezing 
range  is  shown  by  evidence  from  several  courses. 

Heyn  and  Bauer^  and  Goerens  and  Gutowsky^  show  this  by 
determining  the  degree  of  graphitization  which  occurred  at 
various  stages  of  cooling  above,  in,  and  below  the  solidification 

«  Stahl  und  Eisen,  vol.  xxvii.,  pp.  1565-1571  and  1621-1625  (1907). 
»  MOaUurffie,  vol.  v.,  p.  145  (1908). 
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range.  This  they  did  by  allowing  a  series  of  specimens  to  cool 
slowly  to  a  series  of  known  temperatures  in  and  near  that  range, 
and  then  interrupting  the  cooling  by  quenching  in  water,  so  as 
to  arrest  the  graphitization  at  the  stage  which  it  had  reached 
at  each  temperature.  Chemical  analysis  of  the  quenched  speci- 
mens showed  in  every  series  that  graphitization  had  gone  on 
to  an  important  degree  below  the  solidification  range. 

This  is  further  indicated  by  the  reported  industrial  observa- 
tion that  "  castings  made  in  chill  moulds  show — no  signs  of 
chilled  structure,  provided  the  castings  are  removed  immediately 
after  casting."  ^^  Had  they  been  left  in  contact  with  the  chill 
they  would  have  remained  chilled.  Because  the  conditions  up 
to  the  moment  of  removal  are  identical  whether  the  casting  is 
left  in  contact  with  the  chill  or  is  removed,  and  because  if  left 
in  contact  with  the  chill  its  face  is  chilled,  L  e.  graphiteless,  it 
follows  that  at  the  moment  of  removal  the  face  of  removed  cast- 
ings is  graphiteless.  But  because  it  is  solid  when  removed  from 
the  mold,  and  because  after  the  ensuing  relatively  rapid  cooling 
it  is  found  to  be  gray,  it  follows  that  graphitization  in  these 
cases  is  habitually  rapid  below  the  freezing-range. 

T.  D.  West**  found  that  to  reheat  chilled  cast-iron  plates  to 
temperatures  well  below  the  melting-point  by  pouring  molten 
cast-iron  against  them  caused  slight  graphitization,  as  inferred 
from  the  appearance  of  the  fracture.  With  further  reheating 
the  graphitization  increased,  till  when  the  temperature  of  the 
face  reached  the  melting-point,  the  face  of  the  plate  had  been 
brought  about  one-quarter  way  towards  the  condition  of  gray 
iron.     In  each  case  the  reheating  was  rapid  and  brief. 

He  further  finds  that  if  a  cast-iron  casting,  after  the  outer 
part  has  solidified  and  cooled  at  a  normal  rate  to  somewhat 
below  the  eutectic  freezing-point  and  thus  become  graphitic,  is 
suddenly  withdrawn  from  the  mold  and  quenched  in  water,  the 
inside  is  of  white  iron.  The  fact  that  the  inside  of  the  casting 
is  white  though  the  normal  slow  rate  of  cooling  has  extended 
below  the  eutectic  freezing  point,  shows  that  it  solidified  as  white 
iron.  The  graphitization  of  the  outside  must  have  occurred  in 
that  phase  of  the  cooling  by  which  the  gray  outside  had  outrun 

"  P.  Mannoch,  Irtm  Age,  vol.  Ixxxix.,  p.  1414  (June  6, 1912). 
»  ne  Foundry,  vol.  xl,  pp.  245-251  (June,  1912). 
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the  white  interior  at  the  moment  when  the  quenching  occurred. 
Because  the  amount  by  which  the  cooling  of  the  outside  has 
outrun  that  of  the  inside  must  be  very  slight,  we  infer  that  this 
graphitization  occurerd  in  a  very  narrow  range  of  cooling  and 
presumably  below  the  eutectic  freezing  point.  His  further  in- 
genious experiments  show  that,  if  the  slow  cooling  had  not  been 
interrupted  thus,  the  interior  would  have  been  very  gray. 

(38)  How  Dominant  is  the  Influence  of  the  Bodenkoerper  f — There 
is  one  fact  which  is  not  easily  reconciled  with  one  of  the  fore- 
going conceptions  and  two  of  the  foregoing  assumptions.  The 
conception  is  (1)  that  the  nature  of  the  bodenkoerper,  e.g.y 
whether  it  is  free  cementite  or  free  graphite,  determines  whether 
the  dissolved  carbon  content  of  austenite  shall  be  represented 
by  S£J  or  S'E'.  The  assumptions  are  (2)  that  SE\%  truly  repre- 
sented by  the  determinations  of  Gutowsky,  and  (3)  that  S'E^  is 
truly  represented  by  those  of  Ruer  and  Iljin. 

The  fact  difficult  to  reconcile  with  the  foregoing  is  that  the 
difference  between  the  conditions  in  certain  of  Gutowsky 's  ex- 
periments and  the  conditions  in  Ruer  and  Iljin's  seems  insuffi- 
cient to  explain  why  cementite  should  have  dominated  com- 
pletely in  the  former,  and  graphite  completely  in  the  latter, 
bringing  the  combined  carbon  only  to  S'M. 

In  Gutowsky's  No.  42  with  gray  iron  and  43  with  white  iron, 
in  spite  of  the  final  presence  of  over  2  per  cent,  of  internal 
graphite  the  dissolved  carbon  content  of  the  austenite  followed 
the  line  ^S'^  with  great  precision ;  whereas  in  Ruer  and  Iljin's  in 
the  same  range  of  temperature  and  with  about  the  same  quantity 
of  internal  graphite  it  followed  the  line  S'E.  The  sole  ma- 
terial difference  in  conditions  appears  to  be  that  Gutowsky's 
cylinders  of  cast-iron  were  imbedded  in  a  carburizing  substance, 
while  Ruer  and  Iljin's  were  not.  They  were  enclosed  in  sealed 
quartz  tubes.  There  were  present  in  these  tubes,  1st  the  neg- 
ligible quantity  of  air  present  at  the  time  of  sealing,  and  2d 
whatever  gases  were  evolved  by  the  iron  itself  during  the  pro- 
longed heatings. 

Taking  these  results  at  their  face  they  seem  to  teach  that  the 
influence  of  external  animal  charcoal  in  Gutowsky's  KTos.  42 
and  48  has  completely  dominated  and  indeed  effaced  the  influ- 
ence of  about  2.1  per  cent,  of  internal  graphite.  But  this  is  so 
improbable  antecedently  that  we  hesitate  to  accept  it.    For  this 
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internal  graphite,  at  least  in  No.  48,  must  have  been  very  finely 
divided.  Therefore,  distributed  as  it  was  throughout  the  whole 
mass  of  the  austentite  and  thus  offering  enormous  and  most 
intimate  surface  exposure,  its  efficiency  as  bodenkoerper  cer- 
tainly ought  to  be  much  greater  than  that  of  the  external 
animal  charcoal  simultaneously  present,  which  could  at  best 
offer  only  slight  and  not  intimate  contact. 

Two  escapes  from  this  situation  offer  themselves.  (1)  The 
assumption  that  the  influence  of  internal  graphite,  even  when 
finely  divided  and  distributed  internally  through  the  iron,  in 
dragging  the  dissolved  carbon  content  back  from  SE  towards 
S^Wj  is  so  feeble  that  it  is  completely  negligible  when  it  com- 
petes with  the  influence  of  external  amorphous  carbon  in  ce- 
menting the  austenite  up  to  SJS.  This  path  of  escape  from  the 
difliculty  is  certainly  a  most  thorny  one. 

(2)  The  influence  of  the  bodenkoerper  may  be  altogether 
secondary  to  that  of  some  unnoticed  difference  between  the 
conditions  of  Gutowsky  and  those  of  Ruer  and  Iljin,  a  difference 
which  led  the  former  always  to  SJE  and  the  latter  always  near 
to  S^JE?.  To  throw  light  on  this  I  purpose  repeating  both  sets 
of  experiments  under  identical  conditions. 

In  any  event,  till  this  matter  is  cleared  up  the  results  of  Ruer 
and  njin  should  be  received  with  some  caution  for  two  reasons. 
(A)  for  each  temperature  they  differ  between  themselves  by 
from  0.10  to  0.16  per  cent,  or  from  about  J  to  about  J  of  the 
gap  between  their  S^JS?  and  Gutowsky's  SE.  (B)  Moreover 
there  is  reason  to  fear  that  the  results  of  the  "  absorption " 
method  which  they  followed  may  be  either  too  high  or  too  low. 
This  method  consists  in  holding  graphitic  iron  at  a  temperature 
for  which  the  S'E'  carbon  content  may  be  assumed  safely  to 
be  greater  than  the  initially  dissolved  carbon  content,  in  order 
to  allow  it  to  absorb  the  internal  graphite  till  it  reaches  S^W 
and  thereby  saturates  itself.  The  results  thus  reached  may 
either  be  (1)  at  the  left  of  the  true  S^W  because  of  insufficient 
time  to  complete  the  absorption  to  that  line ;  or  (2)  they  may 
be  at  the  right  of  the  true  S'W^  because  on  unnoticed  petty 
falls  of  temperature,  free  cementite  would  precipitate,  which  on 
the  subsequent  unnoticed  rise  would  compete  with  the  internal 
graphite  in  carburizing  the  austenite,  so  that  their  joint  action 
would  carburize  it  to  a  point  between  true  S'E^  and  true  SE. 
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Moreover  any  free  cementite  not  dissolved  in  carburizing  the 
austenite  would  be  counted  in  with  the  combined  carbon  and 
be  found  by  Ruer  and  Iljin.  Against  (2)  it  may  be  urged  that 
though  a  like  precipitation  of  free  cementite  might  bring  the 
SE  determinations  of  Gutowsky  to  the  right  of  the  true  SE^ 
yet  if  we  may  judge  from  the  great  concordance  of  his  results 
it  did  not.  And  if  it  did  not  in  his  case,  why  should  it  in  Ruer 
and  Iljin's  ? 

The  "  precipitation  "  method  is  in  a  better  position,  because, 
while  its  results  may  be  too  high,  they  can  hardly  be  too  low ; 
hence  the  lowest  trustworthy  results  reached  by  this  method 
should  be  taken  as  the  nearest  experimental  approach  to  the 
true  S^U^.  This  method  consists  in  holding  graphitic  iron  at 
a  temperature  at  which  its  initial  dissolved  carbon  content  is 
more  than  enough  to  saturate  it,  i.  e.,  exceeds  S^Wj  in  order  to 
allow  the  excess  of  dissolved  carbon  to  precipitate  out  and  to 
graphitize,  then  cooling  rapidly,  and  determining  the  combined 
carbon.  The  results  of  this  method  may  indeed  be  too  high 
(A)  because  the  precipitation  of  the  excess  of  the  dissolved 
carbon  may  lag,  and  (B)  because  the  graphitization  of  the 
cementite  thus  precipitated  may  lag ;  but  it  is  not  easy  to  see 
how  they  can  be  too  low. 

Unfortunately  in  the  absence  of  silicon  this  graphitization  of 
cementite  is  extremely  sluggish,  as  is  shown  by  the  results 
reached  with  it  by  Ruer  and  Iljin  and  by  myself  and  Levy 
(  (36)  (and  Appendix  I).  In  view  of  this  the  most  promising 
way  seems  to  be  to  determine  S'W  by  the  precipitation  method 
with  two  difterent  percentages  of  silicon,  in  order  to  confirm  or 
disprove  the  current  belief  that  silicon  does  not  shift  the  posi- 
tion of  S'W  but  only  hastens  the  arrival  at  it.  If  this  belief  is 
confirmed,  then  the  position  of  S'W  thus  found  would  be  ita 
true  position.  If  it  is  disproved,  there  is  still  the  possibility  of 
finding  the  true  position  of  S^W  in  silicon-less  irons  by  extra- 
polation. 

(39)  Conclusion, — We  have  now  seen  in  (36)  that  the  unex- 
plained variations  in  the  cooling  curves  are  very  great,  that 
the  two  series  of  observations  on  this  point  by  Gutowsky  do 
not  agree ;  and  that  the  rate  of  graphitization  is  very  capri- 
cious. In  (37)  we  have  seen  that  graphitization  continues  at 
temperatures  far  below  those  to  which  Prof.  Ruff  seems  to  con- 
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fine  it.  In  (38)  we  have  seen  difficulty  in  reconciling  the  Qut- 
owsky  and  the  Ruer  and  Hjin  lines  with  the  assumed  domi- 
nance of  the  bodenkoerper,  all  of  which  seem  essential  prem- 
ises underlying  Prof.  RufPs  reasoning.  In  view  of  these  facts 
the  data  as  to  arrest  temperature  and  graphitization  in  the  single 
Gutowsky  series  used  by  Prof.  Ruff  seem  to  me  wholly  insuffi- 
cient for  a  firm  foundation  on  which  to  base  calculations  as  to 
the  equilibrium  position  of  the  eutectic  temperature. 

The  new  data  offered  in  this  paper  have  been  reached  in  ex- 
periments carried  out  in  part  under  a  grant  from  the  Carnegie 
Institution  of  Washington,  in  the  Metallurgical  Laboratories 
of  Columbia  University.  For  the  analyses  we  have  to  thank 
Messrs.  Booth,  Garrett  &  Blair,  and  for  the  electrolytic  iron 
Prof.  C.  F.  Burgess. 

Appendix  I. — A  Case  of  Slow  Graphitization  Above  800°. 

The  experiments  here  described  made  by  A.  G.  Levy  under 
my  direction  consisted  in  exposing  to  certain  oscillations  of 
temperature  a  specimen  of  malleable  cast-iron,  No.  1,  and  four 
cylinders,  Nos.  2,  3,  4,  and  5  of  gray  cast-iron  made  by  cement- 
ing and  melting  Prof.  C.  F.  Burgess's  electrolytic  iron.  These 
four  cylinders  were  cut  out  from  a  single  small  ingot,  called 
"  Original "  in  Table  III.  In  making  this  ingot  the  electrolytic 
iron  was  melted  with  an  excess  of  pure  sugar  charcoal  in  a 
graphite  crucible  brasqued  with  sugar  charcoal,  bound  with  a 
little  liquid  asphalt  and  vaseline.  The  crucible  was  highly 
heated  in  a  gas-furnace,  opened  once  to  make  sure  that  the 
mass  was  molten  and  immediately  closed.  After  further  hold- 
ing it  was  then  cooled  to  about  1,100°  by  lessening  the  gas 
supply,  and  thence  to  between  800°  and  900°  in  4  hr.  by 
further  successive  reductions  of  the  gas  supply.  The  resultant 
ingot  is  called  the  "  Original "  in  Table  III. 

Four  cylinders,  Nos.  2  to  6,  approximately  2  in.  long  by  0.25 
in.  in  diameter,  cut  from  this  ingot  were  enclosed  each  in  a 
sealed  quartz  tube,  and  reheated  to  about  950°,  when  on 
account  of  an  accident  they  were  all  quenched  in  water.  No. 
2A  (Figs.  10  and  11)  represents  the  condition  after  this  quench- 
ing. 

Each  of  these  four  cylinders  was  then  enclosed  in  a  steel  gas- 
tube  closed  at  each  end  with  a  cap.     No.  4  was  packed  with 

[39] 

Digitized  by  VjOOQ IC 


1220 


RUFF'S    CARBON-IRON    EQUILIBRIUM    DIAGRAM. 


sugar  charcoal  in  its  tube,  and  No.  5  with  kish  from  an  iron 
blast-furnace.  The  tubes  containing  Nos.  2  and  8  had  no  car- 
burizing  material,  and  each  was  separated  from  its  specimen 
by  means  of  sheet  asbestos. 

The  specimen  of  malleable  cast-iron.  No.  1,  was  enclosed  in 
a  like  steel  tube. 

Table  III.,  and  Fig.  7. — Graphitization  and  Me^  Combination  in 
Certain  Cast-Irons. 


Treatment  of  all  Specimoos. 

Snln.  SibIb.  Ants.  to 


Pi 


V^  V^   \*// 


U  Bb.         17  bIb. 


il. 


I 

I 

Cast- 
I  Iron 
No.  2  A. 

Alone. 


Comb,  carbon 1.598 

Graphite 1.356 

Total  carbon ;    2.954 

Silicon I    0.040 

Manganese None. 

Phosphorus..... 'Not  det. 

Sulphur I    0.035 


0.022 

l.a'>2  ' 

1.974  , 

0.717  I 


I 


Cast- 
iron 
No.  2.  i 
Alone.  ; 


1.554 
0.980 
2.484 


Cast-lrona. 


No.  8. 
Alone. 


1.180 
0.454 
1.584 


No.  4. 
Susar 
Char- 
coal. 


No,  6. 
Kish. 


1.542  1.628  1.030 
1.040  0.94S  0.738 
2.582       2.576  ,    1.768 


Malle- 
able 
Iron 
No.  L 
Alone. 


NoTB. — For  the  chemical  analyaes  we  are  indebted  to  Messrs.  Booth,  Ghirrett  &  Blair. 

These  five  specimens,  each  in  its  tube,  were  then  heated 
together  to  1,000°,  cooled  slowly  to  800°,  and  reheated  to  1,000°, 
when  No.  2  was  drawn  and  quenched  with  its  containing  tube 
in  cold  water.  The  remaining  ones  were  then  reheated  to 
1,000°,  cooled  slowly  to  800°,  and  thus  seesawed  up  and  down 
as  shown  in  Fig.  7,  till  on  reaching  1,000°  for  the  fifth  time 
they  were  drawn  and  quenched  in  water  each  in  its  enclosing 
tube.  The  cooling  in  this  quenching  was  not  very  rapid,  as  is 
shown  by  the  fact  that  Nos.  2,  3,  4,  and  5  could  be  sawed  with 
a  hack-saw,  though  No.  1,  the  specimen  of  malleable  cast-iron, 
could  not.  No.  8  which  had  become  much  decarburized  also 
had  decidedly  less  combined  carbon  than  the  original.  The 
procedure  and  results  are  shown  in  Fig.  7  and  Table  3. 
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Fig.  8.— Persistence  of  Cementitk 
Crystals  in  pure  Cast-Iron  after 
prolonged  heating,  including  118 
hours  between  635°  and  760°. 
Magnified  85  diameters. 


:^ 


Fig.  10.— Pure  Cast-Iron  No.  2A 
Quenched  from  950°.  Contact  op 
EuTECTic  with  Graphite.  Fine 
Needles  are  Pro-eutectoid  Ce- 
MENTiTE.   Magnified  85  diameters. 


Fig.  9. — Persistence  op  the  original  Solidification  Dendrites 

AFTER    six    slow    COOLINGS.        PURE    CaST-IrON    ETCHED    WITH 

Sodium  Picrate.     Magnified  18  diameters. 


Fig.    11. — Pure    Cast-Iron    No.    2 A 
quenched  from  950°.     Contact  of 

EUTECTIC     WITH     GrAPHITE.         FiNE 

Needles    are    Pro-eutectoid    Ce- 
mentite.    Magnified  85  diameters. 


Fig.  12. — Pure  Cast-Iron  quenched 
after  Repeated  Oscillations  of 
Temperature,  Fig.  7.  Magnified- 
85  diameters.  yGoOQlc 
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Each  of  the  quenched  specimens  had  a  very  considerable 
quantity  of  well  oriented  cementite  needles,  part  of  which  may 
well  represent  precipitation  during  the  quenching,  though  part 
represents  the  combined  carbon  present  at  1,000°  in  excess  of 
SE,  or  more  likely  in  excess  of  some  line  between  SJS  and 
S^W.  The  microstructure  of  K'os.  2,  8,  4,  and  5  was  almost 
identical,  and  is  shown  in  Fig.  12  ;  that  of  No.  2  A,  Figs.  10  and 
11,  had  very  much  fewer  fine  cementite  needles,  and  instead 
some  rather  massive  eutectic  islands.  The  massive  white  islands 
are  in  most  cases  clearly  masses  of  eutectic.  Even  the  arrowhead 
mass  in  Fig.  10  is  very  probably  of  eutectic.  The  cementite 
of  this  eutectic  (Fig.  10)  has  escaped  graphitization  both  in  the 
original  solidification  and  in  reheating.  The  relative  freedom 
of  Nos.  2  to  5  from  eutectic  suggests  that  in  the  successive 
heatings  the  cementite  of  this  eutectic  has  been  washed  away 
to  an  extent  hardly  to  be  foreseen,  to  re-precipitate  as  fine  needles. 
The  immediate  contact  of  graphite  with  this  eutectic  in  Figs. 
10  and  11  is  to  be  noted.  Here  the  acicular  regions  about  the 
graphite  represent  the  austenite-  formed  at  a  high  temperature 
along  with  that  graphite  from  the  graphitization  of  cementite. 
The  needles  are  the  pro-eutectoid  cementite  which  has  precipi- 
tated out  of  that  austenite  in  cooling  down,  as  is  seen  on  com- 
paring this  structure  with  Fig.  12. 

At  the  first  glance  one  might  take  some  of  these  large  eutec- 
tic masses  for  cementite,  and  wonder  at  the  immediate  contact 
of  this  cementite  with  graphite,  a  thing  which,  after  diligent 
search  and  inquiry,  I  have  never  found  save  in  some  micro- 
graphs by  Prof.  Wust^^  and  Prof.  Qoerens.*^ 

The  combined  carbon  content  of  Nos.  2,  4,  and  5  varied  only 
within  the  limits  of  1.542  and  1.628,  corresponding  roughly  to 
the  carbon  dissolved  between  1,050°  and  1,100°  according  to 
the  line  SE.  Though  the  total  period  of  exposure  to  tempera- 
tures between  800°  and  1,000°  was  not  very  great,  one  certainly 
would  have  strongly  expected  some  graphitization  of  the  carbon, 
reducing  the  combined  carbon  towards  SE  for  that  range,  or 
even  below  SE  in  view  of  the  large  quantity  of  graphite  present. 
Yet  the  iron  which  stayed  longest  in  this  range,  No.  5,  actually 
had  a  little  more  combined  carbon  than  the  oriffinal.     Thus 


**  Metallurgies  vol.  iii.,  Figs.  14,  15,  16,  opposite  p.  12  (IS^06). 

^  Introduction  to  Metalhujmphy,  1908,  Figs.  142,  143,  and  144,  pp.  197-198. 
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even  in  the  presence  of  as  much  as  1.598  per  cent,  of  graphite, 
free  cementite  may  persist  apparently  without  undergoing  even 
partial  graphitization  during  a  very  considerable  sojourn  rising 
repeatedly  to  1,000*^. 

The  malleable  cast-iron  is  in  great  contrast  to  these  others. 
Its  combined  carbon  content  rose  to  1.08  per  cent.,  which  agrees 
fairly  with  the  maxima  of  Ruer  and  Iljin's  results.  Their 
highest  two  combined  carbon  contents  on  heating  gray  cast- 
iron  to  1,000°  without  carburizing  material,  and  then  quench- 
ing, were  1.02  and  1.07  per  cent. 

The  extreme  slowness  of  the  graphitization  of  my  pure  cast- 
iron  is  to  be  referred  to  its  low  silicon  content. 

Appbndix  II. — Solvent,  Solute,  and  Bodbnkoebpeb. 

When  we  saturate  a  common  aqueous  solution,  for  instance 
of  common  salt,  by  holding  it  in  contact  with  an  excess  of  solid 
salt,  we  call  the  water  the  solvent,  the  salt  which  is  dissolved 
in  the  water  the  solute,  and  the  excess  of  solid  salt  needed  to 
insure  our  saturating  the  water,  the  bodenkoerper,  or  solid 
phase.  When  the  water  has  dissolved  all  the  salt  which  it  is 
capable  of  containing  at  this  temperature  as  is  shown  by  its 
leaving  some  solid  salt  unabsorbed  we  call  the  solution  satu- 
rated, and  this  quantity  of  salt  we  call  the  solubility  of  salt  in 
water  at  this  temperature. 

Admitting  that  the  carbon  in  molten  cast-iron  exists  as  ce- 
mentite, does  the  line  B'D'^  Fig.  1,  represent  the  solubility  of 
cementite  in  molten  iron  in  this  same  sense  ?  Manifestly  not. 
The  quantity  of  a  salt  which  water  will  dissolve  varies  with  the 
nature  of  the  solid  supply  of  that  salt,  the  bodenkoerper,  with 
which  that  water  is  in  contact. 

Roozeboom's  ^  classical  example  of  the  varying  quantity  of 
thorium  sulphate  which  water  will  contain  in  equilibrium  with 
different  bodenkoerpers  is  shown  in  Fig.  18.  If  water  is  in  con- 
tact with  the  solid  salt  Th  (SOJ^,  OH^O  the  quantity  of  Th  (80  J, 
which  100  parts  of  it  can  contain  at  various  temperatures  is 
represented  by  the  line  ABC.  Each  of  the  other  lines  repre- 
sents the  quantity  of  Th  (SOJ^  which  water  can  contain  when 
in  contact  with  some  one  of  the  other  solid  hydrated  thorium 
sulphates. 

^  Ostwald,  Lehrhuch  der  AUgemeinen  Chemie,  vol.  i.,  p.  1062  (Leipsic,  1903). 
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Water  in  contact  with  a  solid  salt  will  dissolve  that  salt  till 
equilibrium  is  reached,  the  equilibrium  at  which  the  passage  of 
particles  of  the  solute  out  of  the  solution  to  rejoin  the  boden- 
koerper  is  just  rapid  enough  to  balance  the  simultaneous  pas- 
sage of  particles  from  the  bodenkoerper  into  the  solution  to 
join  the  solute.  So  two  neighboring  hot  bodies  are  in  equilib- 
rium with  each  other  when  they  are  at  the  same  temperature, 
i.e.,  when  passage  of  heat  from  A  to  B  just  balances  the  passage 
back  from  B  to  A.     So  water  and  steam  are  in  equilibrium  in 


AF 


Solubility 


FiG.  13.— Solubility  expressed  as  Parts  of  Th(S()4)8  per  100 
Parts  of  Water.    The  quantity  of  Thorium  Sulphate 

WHICH     water     will     DISSOLVE    AT    GIVEN    TEMPERATURES 
varies  WITH  THE  NATURE  (DEGREE  OF  HYDRATION)   OF  THE 

Bodenkoerper  or  supply  of  solid  Sulphate. 

the  boiler  when  the  rate  of  evaporation  of  the  water  just  bal- 
ances the  simultaneous  condensation  of  steam  back  upon  the 
surface  of  that  water.  This  conception  of  equilibrium  as  repre- 
senting not  stagnation  but  equal  and  opposite  transfer  is  most 
important. 

In  the  case  of  a  solution  we  may  conveniently  say  that  when 
this  equilibrium  is  reached  the  solution  is  **  saturated."     But 
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the  point  to  recognize  clearly  here  is  that  the  quantity  or  con- 
centration of  the  solute  in  the  solution  at  which  this  equilibrium 
is  reached,  f.€.,  at  which  saturation  occurs,  varies  with  the  nature 
of  the  bodenkoerper. 

Turning  now  to  the  term  "  solubility,"  when  we  speak  of  the 
solubility  of  a  salt  in  water  we  naturally  have  in  mind  the 
quantity  of  that  salt  which  the  water  can  contain  when  it  is  in 
equilibrium  with  an  excess  of  that  same  salt  in  the  solid  state, 
i.e.y  as  bodenkoerper.  We  might  indeed  speak  of  the  "  solu- 
bility of  salt  in  water  when  in  contact  with  bodenkoerper  A, 
B,  or  C ;  "  but  to  prevent  confusion  it  seems  better  to  confine 
the  term  *<  solubility,"  {SK,  Saettigungskonzentration)  to  the  case 
in  which  solute  and  bodenkoerper  are  identical,  and  to  use  the 
term  "  equilibrium  content "  {GK^  Gleichgewichtskonzentration)  to 
represent  the  quantity  of  salt  which  the  solvent  can  retain  dis- 
solved within  it  when  in  contact  with  any  other  bodenkoerper. 

Philosophically  speaking,  solubility  is  only  a  single  case  of 
equilibrium  content,  representing  the  equilibrium  when  the 
solute  and  the  bodenkoerper  are  identical  (apart  from  ioniza- 
tion), and  the  distinction  between  true  "  solubility,  SKy"  and 
^'equilibrium,  G^jBT"  is  purely  one  of  convenience. 

In  the  experiments  of  Ruff  and  Goecke,  and  also  in  those  of 
Hanemann,  the  molten  iron  was  held  in  contact  not  with  solid 
<5ementite,  if  indeed  that  is  possible,  but  with  solid  graphite. 
The  quantity  of  carbon  which  it  took  up,  JB^D\  therefore  was 
not  the  true  solubility  of  cementite  in  molteh  iron,  aS^^,  but  the 
-equilibrium  content  GK  of  carbon  in  molten  iron  in  contact 
with  graphite. 


Digitized  by  VjOOQ IC 


Digitized  by 


Google 


8PBJBCT  TO  BRVIMON. 

[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


The  Wood  Flotation  Process. 

BY  HENRY  E.   WOOD,   DENVER,   COLO. 

(Cleveland  Meeting,  October,  1912.) 

In  my  opinion,  the  concentration  of  minerals  by  flotation  is 
the  most  interesting  problem  in  ore-dressing,  and  will  com- 
mand eventually  far  more  consideration  than  it  has  at  present. 
For  many  ores  it  furnishes  a  complete  method  of  concentra- 
tion absolutely  independent  of  specific  gravity,  and  thus  sim- 
plifies the  milling  of  many  diflicult  combinations.  Not  having 
to  recognize  the  influence  of  specific  gravity,  we  are  also  able 
to  dispense  with  some  of  the  complications  resulting  from 
classifying-conditions. 

Where  flotation  cannot  be  used  for  a  complete  separation  of 
the  minerals  from  the  gangue,  it  will  be  found,  in  nearly  all 
cases,  to  save  those  portions  which  are  generally  lost  by  reason 
of  their  fine  state  of  division.  For  this  reason,  it  should  be 
looked  upon  mainly  as  an  aid  to  general  concentration,  al- 
though there  are  many  ores  so  well  adapted  to  flotation  that 
more  than  90  per  cent,  of  the  valuable  metals  can  be  recovered 
from  them  in  one  operation  by  this  process. 

In  presenting  the  results  of  my  investigations  in  flotation,  I 
have  endeavored  to  theorize  as  little  as  possible.  That  side  of 
the  subject  has  been  extensively  discussed  by  others. 

My  earliest  work  with  flotation  was  done  in  1895,  when  I  used 
various  oils,  grease,  soap,  etc.,  with  results  that  were  remark- 
able. I  did  not  realize  then  that  with  water  alone  equally  good 
separations  could  be  made.  Up  to  1906,  my  endeavors  were 
confined  to  attempts  to  keep  the  concentrates  on  the  tables 
well  wetted  and  away  from  exposure  to  the  air.  In  common 
with  others,  I  observed  that  when  there  was  any  obstruction 
in  the  wash-water  on  the  table  of  sufficient  size  to  divert  the 
water  to  either  side,  the  concentrates  collected,  and,  on  expo- 
sure to  the  air,  would  promptly  float  away.  This  convinced 
me  that  the  sulphides  were  all  good  "  swimmers,"  and  that  if, 
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instead  of  endeavoring  to  drown  them,  they  were  given  a 
chance,  they  would  all  float. 

Having  successfully  demonstrated  this  fact,  as  well  as  another 
equally  important,  namely,  that  practically  all  the  oxides  are 
quickly  wetted,  become  saturated  like  a  sponge,  and,  sinking 
under  the  surface-film,  become  subject  to  gravity-conditions,  I 
commenced  my  experiments* 

I  found  that  if  dry-crushed  ore,  not  necessarily  very  fine, 
was  gently  deposited  upon  a  swiftly-moving  sheet  of  water, 
separation  of  the  sulphides  from  the  gangue  took  place.  Re- 
tarding the  current  permitted  the  gangue  to  sink,  while  a  film 
of  sulphides  remained  on  the  surface.  To  collect  this  film  I 
have  devised  three  types  of  machine,  shown  in  Figs.  1,  2,  and 
3.     Fig.  4  is  a  photographic  view  of  the  type  C  machine. 

All  three  types  are  similar  so  far  as  the  system  of  feed  is 
concerned.  In  type  -4,  a  sectional  view  of  which  is  presented 
in  Fig.  1,  the  unsized  ore,  at  whatever  mesh  has  been  decided 
upon,  and  ranging  from  10-  to  40-me8h  or  finer,  is  delivered  to 
a  feed-hopper,  J.,  the  outlet  from  which  is  under  close  control, 
so  that  a  uniform  amount  of  ore  can  be  steadily  dropped  upon 
a  plate,  B^  vibrating  500  times  per  minute.  From  this  plate 
the  ore  falls  direct  to  the  sheet  of  water,  which  flows  over  a 
plane,  C,  inclined  at  7°.  The  film  of  sulphides  crosses  the  tank, 
Z),  and  in  falling  over  the  outlet  is  dewatered  and  split  off*  by 
means  of  a  nearly  vertical  screen,  E.  O,  0,  are  guides  or 
stretchers,  and  perform  quite  an  important  function  when  this 
type  of  machine  is  used.  The  elastic  properties  of  the  film  are 
such  that  if  these  guides  were  not  used,  the  sheet  of  water 
emerging  from  the  tank  would,  quickly  assume  a  spiral  shape, 
which  would  result  in  a  wetting  of  the  sulphides.  These  would 
then  pass  through  the  screen  instead  of  over  it. 

The  guides  are  so  adjusted  that  the  water  intersects  the  screen 
in  a  line  parallel  to  the  surface  of  the  tank.  By  slight  adjust- 
ments one  is  then  able  to  split  oflf  cleanly  the  film  of  concentrates 
from  the  water  and  the  gangue  in  suspension.  A  separate  patent 
was  allowed  for  this  feature.  The  water  passing  through  the 
screen,  containing  more  or  less  fine  gangue  in  suspension,  is 
caught  at  IT  and  conducted  to  a  launder,  F^  which  also  collects 
such  coarse  mineral  and  gangue  as  steadily  issues  firom  the  bot- 
tom outlet  of  the  tank,  6r,  from  which  it  passes  to  tables.    I 

[2] 
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Fig.  1.— Tjpe  A, 


Fig.  2.— Tjpe  B. 


[J 

Fig.  3.— Type  C. 
Fios.  1,  2,  AKD  3. — Three  Types  of  the  Wood  Oke-Concentratiko 

Machine. 
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sometimes  find  it  advantageous  either  to  classify  hydraulically 
or  screen-size  the  tank  contents  en  route  to  the  table ;  but  it  ifr 
not  essential  in  all  cases,  because,  having  removed  the  fine 
sulphides,  as  well  as  a  large  proportion  of  the  larger  sizes,  by 
flotation,  only  the  coarser  mineral  and  the  coarser  gangue  have 
to  be  considered,  as  the  fine  gangue  in  suspension  passes  off 
with  the  wash-water. 


i  J 

1 

M 

—  -  -  '^^"Mi^^  1 

^^-t^iiai»jl 

^9 

Fig.  4. — Photographic  View  of  the  Wood  Obe-Cokcentrating 
Machine,  Type  G 

The  feed  of  the  type  B  machine,  Fig.  2,  is  delivered  over  the 
inclined  plane  C  to  a  conical  tank,  D,  in  which  a  rapidly-re- 
volving motion  with  vortical  effect  is  given  to  the  surface  of  the 
water  by  means  of  a  water-jet  against  the  side  of  the  tank.  The 
feed  falls  upon  an  inclined  sheet  of  water.    The  film  of  sulphides 
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is  guided  by  means  of  partly-submerged  vertical  screens,  E^  to 
a  funnel,  J,  the  outlet  of  which  penetrates  the  side  of  the  tank,^ 
where  the  concentrates  are  delivered  to  a  launder,  F, 

The  output  of  a  tank  5  ft.  in  diameter  will  exceed  0.5  ton 
per  hour  on  a  20-mesh  ore  that  is  adapted  to  flotation.  Neces- 
sarily, a  small  amount  of  water  is  required  to  carry  the  film 
into  the  funnel.  The  film,  having  a  definite  thickness,  is  prob- 
ably carried  on  an  amount  of  water  of  two  or  more  times  the 
volume  of  the  concentrate.  As  this  water  carries  more  or  less 
gangue  in  suspension,  it  makes  the  concentrates  siliceous.  In 
certain  sections  of  Mexico,  where  copper  sulphides  are  in  de-^ 
mand  and  silica  is  not  objectionable,  the  conical-tank  plan 
meets  the  requirements  of  the  situation ;  but  this  form  would 
not  be  satisfactory,  for  instance,  in  Utah,  where  a  high-grade 
copper-concentrate  is  of  more  importance  than  the  highest  pos- 
sible recovery.  In  Utah  there  is  a  penalty  imposed  by  the 
smelters  for  silica  above  a  certain  amount,  a  condition  which 
does  not  exist  in  Mexico. 

In  the  type  C  machine.  Fig.  3,  the  20-  to  40-mesh  ore  is 
dropped  from  the  vibrating  plate,  JS,  to  a  corrugated  rubber-  or 
canvas-covered  cylinder,  K^  which  is  revolving  in  water.  Enough 
water  is  elevated  above  the  water-level  of  the  tank  to  wet  the 
gangue  and  float  the  sulphides.  This  sulphide  film  passes  from 
the  cylinder  over  the  tank-surface  to  an  endless  canvas  belt,  i, 
which  emerges  from  the  tank  and  is  controlled  by  sprockets. 
Water-jets  gently  force  the  concentrates  upon  the  canvas,  but, 
as  the  canvas  is  elevated,  the  water  drains  back  to  the  tank^ 
carrying  with  it  any  gangue  in  suspension.  The  concentrates 
are  deposited  in  another  tank  and  collected  in  a  launder,  F. 
An  automatic  siphon,  iV,  prevents  an  overflow  of  concentrates 
from  the  tank  after  they  are  discharged  from  the  belt.  G  is 
the  outlet-valve  controlling  the  discharge  of  tailings  after  flota- 
tion. In  most  cases  the  tailings  pass  to  a  Wilfley  table.  Quite 
frequently  however,  the  recovery  made  by  flotation  makes  any 
additional  treatment  unnecessary. 

As  clean  wash-water  is  used  at  the  delivery  end  of  the  take- 
off* belt  to  remove  the  concentrates,  they  have  a  minimum  silica- 
content.  The  diflference  between  type  B  and  type  C  in  this  re- 
spect was  shown  by  comparative  tests.  The  crude  ore  used  in 
each  test  assayed  2.68  per  cent,  of  copper.     The  B  machine 
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saved  88  per  cent,  and  gave  concentrates  assaying  18  per  cent 
of  copper,  with  23  per  cent  of  SiOg,  while  the  (7  machine  saved 
93  per  cent,  giving  concentrates  assaying  27  per  cent,  of  cop- 
per, with  3.6  per  cent  of  SiOg,  both  tests  being  made  by  flota- 
tion alone. 

As  the  corrugations  of  the  rubber-covered  cylinder  are  only 
adapted  to  comparatively  fine  ore,  say  20-me8h  and  finer,  they 
would  not  bring  up  enough  water  to  saturate  particles  that 
were  larger  than  the  corrugations ;  hence,  in  treating  8-  or.  10- 
mesh  ore,  all  of  such  particles  would  not  reach  the  water,  and 
other  dry  ore  would  fall  on  top  of  them,  causing  an  unclean 
concentrate.  To  prevent  such  conditions  in  treating  coarse 
ores,  the  cylinder  is  removed,  and  a  rapid  impetus  is  given  to 
the  surface  of  the  water  by  means  of  water-jets  from  a  pipe  just 
in  advance  of  the  position  formerly  occupied  by  the  cylinder. 

An  ore  suitable  for  jigging,  in  which  the  sulphides  are  liber- 
ated at  4-mesh,  can  be  fed,  either  sized  or  unsized,  direct  to  the 
tank.  The  treatment  of  coarse  ore,  say  from  4-  to  12-mesh,  is 
performed  for  the  purpose  of  floating  off  fine  particles  of  sul- 
phides which  mechanically  adhere  to  the  coarser  sizes.  I  have 
carefully  dry-screened  ore  from  4-  to  20-me8h  and  then  sub- 
jected these  coarse  sizes  to  flotation,  the  result  being  a  high- 
grade  product  that  would  add  5  per  cent  to  the  general 
recovery. 

During  my  experimental  work  on  more  than  800  separate 
samples,  many  interesting  incidents  were  observed,  among 
which  I  note  the  following  : 

If,  after  grinding  a  given  ore  to  the  right  size,  it  is  at  once 
flotated,  from  30  to  85  per  cent,  by  weight  of  its  sulphide  parti- 
cles are  likely  to  float  If  another  portion,  prepared  at  the 
same  time  and  under  the  same  conditions,  is  set  aside  for  sev- 
eral days  and  then  treated,  less  than  one-third  of  what  floated 
before  will  remain  on  the  surface.  This  applies  particularly  to 
the  copper  sulphides,  and  must  be  due  to  partial  oxidation,  al- 
though such  a  change  is  not  visible  to  the  eye.  This  behvior 
of  copper-ores  is  more  pronounced  if  steam-heat  be  applied  in 
drying  a  previously-made  concentrate  for  flotation.  It  is  there- 
fore not  advisable  to  regrind  wet  jig-tailings  and  dry  them  for 
flotation.    To  secure  the  best  possible  flotation  from  copper-ores, 
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they  must  be  ground  directly  to  the  required  mesh  for  separa- 
tion of  the  mineral  from  the  gangue,  and  promptly  milled. 

Curiously  enough,  this  state  of  affairs  does  not  exist  in  the 
treatment  of  some  other  complex  sulphides,  for  instance,  those 
containing  galena  and  the  non-magnetic  resin  blende.  At  40- 
mesh  a  10-per  cent,  lead-ore,  with  20  per  cent,  of  zinc,  will 
produce  a  flotation-concentrate  accounting  for  80  per  cent,  of 
the  lead,  assaying  from  66  to  60  per  cent,  of  Pb  and  7  per  cent, 
of  Zn.  If  the  tailings,  after  flotation,  are  passed  over  a  Wilfley 
table,  a  high-grade  coarse  lead-concentrate  is  easily  cut  out 
from  the  zinc  and  silica.  The  removal  of  the  silica  from  the 
zinc-middlings  enables  us  to  obtain  a  high-grade  zinc-concen- 
trate. Now,  if  this  blende,  which  sank  in  the  tank  during 
flotation,  be  dried  and  re-treated  by  flotation,  nearly  all  of  it 
will  float,  while  the  accompanying  silica  will  sink,  leaving  a 
high-grade  product.  This  particular  effect  is  not  so  pro- 
nouDced  when  the  blende  is  of  the  magnetic  or  so  called  black- 
jack variety. 

I  have  noted  in  the  treatment  of  copper-ores  that  the  ten- 
dency to  float  decreases  as  the  sulphur-content  diminishes. 
More  than  90  per  cent,  of  the  copper  of  chalcopyrite  ore  with 
a  hard  white  quartz  gangue  can  be  saved  with  less  than  6 
per  cent,  of  silica  in  the  concentrate  by  flotation  alone ;  but 
if  bornite  or  chalcocite  is  present,  the  proportions  of  these  min- 
erals saved  are  much  smaller  than  of  chalcopyrite.  If  chalco- 
cite contains  a  small  percentage  of  chalcopyrite,  practically  all 
of  the  latter  will  float  and  some  of  the  fine  chalcocite  with  it. 
This  leaves  the  coarse  chalcocite  in  good  shape  for  final  table- 
separation. 

Most  of  the  magnetic  minerals  will  sink,  so  that  a  good  flo- 
tation-concentrate can  sometimes  be  made  from  a  mixture  of 
chalcopyrite  associated  with  a  magnetic  blende.  Magnetite 
will  sink  and  leave  suspended  on  the  surface  any  fine  sulphides 
that  may  be  with  it,  as  well  as  the  metals,  such  as  gold,  silver, 
platinum,  etc.  To  obtain  the  best  effects  for  the  fine  metals, 
we  sometimes  modify  the  film  by  using  a  minute  amount  of 
oil.  The  oil  being  used  purely  as  a  conveyor,  and  not  as  an 
enveloping  element,  my  patents  do  not  conflict  with  the  oil- 
systems.  My  main  idea  is  the  use  of  water  alone.  I  rarely 
use  oil  and  never  acid  or  gas. 

[7] 

Digitized  by  VjOOQ IC 


12f34  THE   WOOD   FLOTATION    PROCESS. 

Judging  from  the  appearance  of  a  20-me8h  flotation-concen- 
trate, the  inexperienced  observer  assumes,  from  the  smooth 
surface  of  the  film,  that  only  the  extremely  fine  sulphides  are 
being  recovered.  A  screen-analysis  of  the  concentrate,  how- 
ever, shows  that  more  than  10  per  cent,  of  the  concentrate  is 
between  20-  and  40-me8h.  Apparently  the  elasticity  of  the 
film  is  such  that  it  supports  the  coarser  particles,  but  not 
rigidly,  so  that  only  the  apex  of  each  piece  of  sulphide  is 
shown,  and  as  it  lies  along  with  the  fines,  a  uniform,  smooth 
surface  is  presented. 

The  strength  of  the  film  is  illustrated  in  another  way.  If 
particles  of  dry  ore  are  placed  upon  the  film  of  sulphides,  they 
will  be  thrown  ofl  by  the  rebound  of  the  film  as  it  passes  over 
the  curve  of  the  dam,  the  effect  being  practically  the  same  as 
the  repulsion  of  highly-conductive  minerals  in  passing  over  an 
electrostatically-charged  roller. 

The  elastic  properties  of  the  film  are  plainly  shown  during 
the  operation.  The  sulphide  film  spreads  out  rapidly  over  the 
tank-surface.  If  its  passage  is  restricted,  it  will  immediately 
be  compressed  into  ridges,  which  in  time  become  sufllciently 
heavy  to  sink  of  their  own  weight.  Also,  before  sinking,  the 
film  will  creep  up  vertically  on  the  corrugated  roller. 

Violent  agitation  of  the  film  must  be  avoided,  or  the  parti- 
cles will  become  wet  and  sink.  Nevertheless,  the  tenacity  of 
the  film  is  remarkable. 

As  long  as  the  feed  is  continuous,  the  sulphides  on  the  film 
easily  slip  over  to  the  take-off  belt.  This  action  is  assisted  by  a 
gentle  water-pressure  directly  in  front  of  the  belt.  A  gentle 
current  of  air  also  produces  the  same  result. 

I  have  alluded  to  oxidizing  influences  preventing  or  interfer- 
ing with  flotation-results  in  the  treatment  of  copper  sulphides. 
With  several  other  sulphides  this  is  not  the  case,  so  that  flota- 
tion can  frequently  be  applied,  after  amalgamation  and  concen- 
tration, as  a  more  economical  method  of  recovery  than  cyani- 
dation  of  the  tailings. 

For  instance,  I  had  a  $20  gold-ore,  of  which  $15,  or  75  per 
cent.,  was  removed  by  amalgamation  and  concentration.  Of 
the  $5  left  in  the  tailings,  98  per  cent  was  extracted  by  cyanide, 
but  at  a  cost  of  $2.75,  by  reason  of  the  high  cyanide-consump- 
tion, caused  by  values  still  locked  in  the  fine  sulphides.     The 
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same  tailings,  assaying  $5,  were  dried  and  flotated,  producing  a 
10-oz.  gold-concentrate  and  leaving  30  cents  per  ton  in  the  final 
tailings.     The  cost  was  far  less  than  that  of  cyanide  treatment. 

Nearly  all  the  average  free-gold  ores  of  California  contain 
arsenical  pyrites,  and  this,  in  turn,  carries  gold  that  is  not  free. 
Such  ores,  if  crushed  dry  and  treated  by  flotation,  yield  high- 
grade  concentrates,  accounting  for  from  10  to  20  per  cent,  of  the 
total  valuable  metals  in  the  ore.  After  flotation,  the  free  gold 
can  be  amalgamated  as  usual.  I  have  found  that  all  that  is 
necessary  is  to  feed  over  an  amalgamated  plate,  which  has  an 
inclination  of  7°  and  is  covered  by  water. 

Such  flotation-concentrates  of  arsenical  pyrites  frequently  as- 
say many  thousands  of  dollars  per  ton,  and  constitute  an  impor- 
tant item  in  the  total  recovery.  A  considerable  percentage  of 
the  values  in  some  varieties  of  wet-crushed  ores,  particularly  of 
copper  and  arsenical  sulphides  in  a  hard  gaugue,  will  float.  While 
we  cannot  do  anything  with  sulphides  in  suspension,  we  can 
readily  save  all  floating  slimes  from  wet-crushing  by  this  same 
general  system,  and  with  a  simple  device  placed  in  any  launder 
below  the  mill,  provided  the  surface-conditions  are  not  rough. 

All  over  the  world,  valuable  ores,  such  as  sulphides  of  silver, 
gray  copper,  galena,  etc.,  are  frequently  found  in  a  matrix  of 
baryta,  or  associated  with  heavy  garnet.  The  specific  gravity 
of  such  gangues  practically  prohibits  either  jigging  or  table- 
separation  ;  but  when  this  method  of  ore-dressing  is  applied  to 
them,  from  80  to  90  per  cent,  of  their  values  can  be  recovered 
at  one  simple  operation.  A  recent  example  of  this  was  a 
1,200-oz.  silver-concentrate  made  from  a  Mexican  ore  contain- 
ing 78  per  cent,  of  BaSO^.  Another,  from  Canada — a  crystal- 
lized barite  containing  10  per  cent,  of  Pb — gave  a  90-per  cent, 
recovery  in  a  70-per  cent,  lead-product.  Many  mines  contain- 
ing ores  of  such  composition  have  been  abandoned  because  of 
the  closeness  of  the  specific  gravities. 

We  have  had  several  ores  of  nearly  clean  pyrrhotite  con- 
taining a  small  percentage  of  chalcopyrite.  Most  of  the  latter 
will  float  by  itself.  If  the  remainder  is  concentrated,  the  ratio 
of  concentration  is  too  low  to  make  a  valuable  copper-product ; 
but  if  this  concentrate  is  dried  and  passed  through  a  magnetic 
separator,  such  as  the  Wetherill  or  Dings,  at  a  low  amperage, 
the  pyrrhotite  is  lifted  off  and  the  non-magnetic  tailings  will  be 
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a  clean  chalcopyrite.  This,  combined  with  the  flotation-con- 
centrate, gives  a  total  high  extraction. 

The  capacity  of  the  series  of  flotation-machines  here  shown 
is  variable,  depending  upon  several  conditions,  among  which 
are  the  nature  of  the  gangue,  the  size  of  the  ore,  and  the  con- 
centration-ratio. A  standard  machine  treating  a  20-me8h 
quartz  ore,  using  a  3-ft.  width  of  feed  and  having  a  4-ft. 
take-ofl*  belt,  will  vary  in  capacity  from  1,000  to  2,000  lb.  per 
hour,  unless  the  ratio  of  concentration  is  low,  in  which  case 
the  capacity  will  be  smaller.  Some  ores  that  possess  an  easily 
wetted  gangue  and  call  for  a  high  concentration-ratio  can  be 
fed  rapidly  at  20-,  80-,  or  40-mesh. 

For  instance,  a  1  or  2  per  cent,  molybdenite  ore  in  a  quartz 
gangue  will  give  a  clean  concentrate,  even  if  the  ore  is  fed 
several  times  faster  than  an  ordinary  sulphide  ore ;  and  the 
same  is  true  of  graphite.  In  a  special  form  of  the  machine, 
designed  for  the  concentration  of  molybdenite  and  graphite, 
one  or  two  partly-submerged  cylinders,  covered  with  either 
canvas  or  fine  wire  screen,  are  inserted  in  the  tank.  These 
cylinders  revolve  in  the  same  direction,  and  at  the  same  rate  of 
speed  as  the  main  take-oflF  belt  or  belts.  The  film-concentrate 
is  lifted  from  the  tank,  and  passes  over  the  rollers  down  to  the 
tank-level  again.  With  each  elevation  partly-saturated  gangue 
becomes  thoroughly  wetted,  and  drops  off  into  the  tank  without 
any  apparent  disturbance  or  wetting  of  the  concentrate.  Such 
action  naturally  raises  the  grade  of  the  concentrate.  In  leav- 
ing the  take-off  belt,  it  is  not  washed  off  by  direct  water-jets, 
as  is  done  with  other  ores,  but  the  take-off  belt  is  allowed  to 
discharge  its  load  at  water-level  in  a  shallow  compartment,  and 
the  concentrate  gently  floats  off  to  a  collecting-launder. 

In  the  flotation-treatment  of  molybdenite  it  frequently  hap- 
pens that  copper  sulphides,  iron  pyrite,  and  other  impurities, 
are  present,  and  must  be  removed  to  make  a  salable  product 
If  copper  and  iron  are  present,  they  are  re-concentrated  on  a 
Wilfley  table,  so  handled  that  the  tailings  will  contain  the 
molybdenite.  Another  way  is  to  dry  the  flotation-concentrate, 
give  it  a  gentle  roast,  and  pass  it  through  a  magnetic  separator, 
to  remove  the  copper  and  iron.  Molybdenite-  and  graphite- 
concentrates  are  frequently  contaminated  by  mica.  This  in 
some  cases  can  also  be  taken  out  by  the  magnetic  separator, 
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or  by  re-flotation  with  the  water  at  110°  F.  It  can  also  be 
removed  electrostatically. 

Objections  are  made  to  the  drying  of  flotation-concentrates 
on  account  of  their  supposed  fineness,  but  this  is  a  mistake,  as 
mentioned  previously.  There  should  be  no  more  difficulty  in 
drying  concentrates  of  this  nature  than  those  produced  by 
vanners  or  ordinary  slime-tables.  By  alternating  settling- 
tanks,  which  can  be  siphoned,,  or  by  using  filter-presses,  they 
can  be  constantly  dewatered.  They  can  be  briquetted  if 
necessary. 

There  are,  in  Mexico  and  elsewhere,  dry-crushing  mills  that 
use  magnetic  separators  to  remove  large  amounts  of  gangue  in 
the  shape  of  garnets,  siderite,  etc.,  in  order  to  get  more  favor- 
able conditions  for  gravity-separations  on  the  tables  for  the 
lead  and  zinc.  If  a  flotation-machine  be  placed  so  that  it  will 
take  the  non-magnetic  tailings  before  they  reach  the  table,  a 
high-grade  lead-product  results,  and  aids  in  the  general  separa- 
tion of  the  coarse  lead  and  zinc,  improving  each  from  15  to  20 
per  cent. 

Flotation  will  be  found  to  be  of  the  greatest  benefit  when 
applied  to  ores  that  have  the  largest  losses  in  milling,  as  well 
as  to  certain  ores  that  are  virtually  not  subject  to  wet  concen- 
tration on  account  of  small  differences  in  specific  gravity. 

The  proper  preparation  of  ores  for  flotation  is  essential.  For 
instance,  if  a  small  sample  is  pulverized  unnecessarily  fine,  in 
such  a  state  as  would  result  from  the  use  of  an  ordinary  muUer, 
poor  returns  may  be  expected,  but  if  the  same  ore  is  shattered 
by  pounding  on  an  iron  plate,  most  favorable  products  will 
ensue,  as  the  crystals  retain  more  of  their  original  shape. 

For  this  reason,  I  have  found  that  ores  should  be  prepared 
in  ball-mills,  or  by  rolls,  rather  than  in  any  machine  that  grinds 
much  of  the  gangue  to  an  impalpable  dust,  in  which  condition 
both  the  gangue  and  the  mineral  of  many  ores  will  float. 
Flotation-treatment  of  definitely-sized  ore  will  materially  in- 
crease the  capacity  of  the  large  sizes  by  themselves,  but  mechan- 
ical difficulties  are  encountered  in  feeding  the  smaller  sizes  by 
themselves,  and  the  capacity  is  also  much  reduced ;  hence  it  is 
advantageous,  after  having  decided  upon  the  proper  mesh  to 
liberate  the  sulphides  from  the  gangue,  to  feed  them  all  at  once 
without  previous  sizing. 
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I  wish,  also,  to  place  special  emphasis  upon  the  property  of 
easy  saturation  or  wetting  of  nearly  all  of  the  oxides.  The  only 
one  that  has  surprised  us  and  floated  in  appreciable  proportions 
is  the  specular  hematite  in  certain  New  Mexico  zinc-ores,  which 
floats  up  to  10  or  20  per  cent,  by  weight.  This  is  largely  due 
to  the  tabular  shape  of  its  crystals.  After  magnetic  removal  of 
the  iron,  the  non-magnetic  tailings  assay  from  45  to  50  per  cent, 
of  zinc. 

Simple  as  these  flotation-devices  are,  it  has  taken  several 
years  to  secure  patents,  both  domestic  and  foreign,  as  well  as 
to  develop  the  general  standard  type  of  machine  now  on  the 
market  It  weighs  1,000  lb.  net;  measures  4  by  5  by  6  ft. 
Ready  for  mule-back  transportation,  its  weight  is  1,100  lb.  It 
requires  0.25  h-p.  and  less  water  than  is  used  in  wet  concentra- 
tion. 

Sulphides  of  the  following  metals  are  particularly  favorable 
for  flotation  methods :  Copper,  lead,  silver,  antimony,  bismuth, 
mercury,  arsenic,  molybdenum,  zinc,  iron,  nickel,  etc.,  as  well 
as  tellurides,  graphite,  gold,  and  platinum. 

When  tellurides  are  present,  a  high-grade  flotation-concen- 
trate is  obtained  and  the  tailings  are  left  in  excellent  shape  for 
cyanidation.  I  have  proved  this  commercially  on  ores  from 
Boulder  county,  Colo. 

Results  on  Molybdenite. 

The  concentration  of  molybdenite  by  flotation  is  decidedly 
interesting,  in  that  it  furnishes  illustrations  of  several  of  the 
peculiarities  of  surface-tension.  For  instance,  in  the  recent 
flotation  of  a  Canadian  ore  of  this  nature,  with  a  quartz-schist 
gangue,  which  assayed  1.87  per  cent,  of  MoS^,  I  obtained  an 
apparently  pure  film  of  MoS^,  which,  when  assayed,  was  found 
to  contain  only  45.31  per  cent,  of  MoS^,  and  41.97  per  cent,  of 
insoluble  residue.  On  examination,  the  under  side  of  the  film 
was  seen  to  be  composed  of  fine  mica  scales,  which  must  have 
adhered  to  the  flakes  of  MoS^.  My  first  conclusion,  that  the 
mica  was  simply  enveloped  in  a  coating  of  MoSj,  was  not  cor- 
rect. The  recovery  in  this  particular  case  was  79.08  per  cent 
The  test  was  made  with  water  having  a  temperature  of  56°  F. 

The  above  examination  was  followed  by  that  of  an  8.65-per 
cent,  molybdenite  ore  from  Alaska.     This  was  a  complex  ore, 
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containing  pyrrhotite  and  magnetite,  and  low  in  silica.  The 
flotation-concentrate,  at  40-mesh,  amounted  to  23.4  per  cent,  by 
weight.  As  it  assayed  only  30  per  cent,  of  MoSj,  a  recovery  of 
79  per  cent,  it  was  evidently  contaminated  by  other  minerals 
that  had  floated. 

Another  sample  of  the  same  ore,  lightly  roasted,  gave  a  flota- 
tion-concentrate assaying  81.45  per  cent,  of  MoSg,  the  ratio  of 
concentration  being  35.71  :  1,  but  the  saving  was  only  26.3  per 
cent.  This  indicates  that  either  some  of  the  molybdenum  is 
present  in  the  original  ore  as  an  oxide,  or  that  the  roasting  was 
carried  too  far  and  oxidized  it.  In  the  first  test  the  saving  was 
79  per  cent.,  assaying  30  per  cent,  of  MoS,,  while  the  second 
trial  recovered  but  26  per  cent,  assaying  81.45  per  cent.  It  is 
possible,  therefore,  that  by  obtaining  the  right  roasting-condi- 
tions,  such  an  ore  could  be  profitably  treated. 

The  concentrates  from  one  test  of  this  ore  assayed  1.86  per 
cent,  of  copper.  After  a  gentle  roast,  this  was  removed  by  the 
Wetherill  separator,  leaving  only  a  trace  of  copper,  and  with 
no  material  loss  of  MoSg. 

A  certain  Alaskan  ore  recently  treated  by  me  in  commercial 
quantities  furnishes  an  illustration  of  the  extreme  sensitiveness 
of  chalcopyrite  to  oxidizing  infiuences.  It  contained  4  per  cent 
of  copper,  closely  associated  with  a  heavy  pyrrhotite  in  a  sili- 
ceous gangue.  Careful  work  on  this  ore  by  jigging,  tabling, 
regrinding  of  jig-tailings,  all  followed  by  canvas  slime-table 
treatment,  gave  a  15  per  cent  copper-concentrate,  with  a  re- 
covery of  62  per  cent  Direct  table-concentration  made  a  16 
per  cent  copper-concentrate,  saving  47  per  cent.  The  same 
ore,  by  flotation  alone,  made  a  25-per  cent,  copper-concentrate, 
accounting  for  69  per  cent  of  the  copper.  To  this  was  added 
11  per  cent  from  the  table-work,  a  total  of  80  per  cent  In 
making  this  examination  the  ore  was  dry-crushed  at  8-mesh, 
and  the  from  8-  to  20-mesh  product  (dry-screened)  was  passed 
through  the  flotation-machine,  resulting  in  a  high-grade  concen- 
trate, which  added  4.25  per  cent  to  the  total  recovery.  This 
proportion  came  from  the  mechanically  adhering  fine  sulphides, 
and  would  be  lost  in  ordinary  jig-work.  The  ft-om  8-  to  20- 
mesh  jig-tailings  of  this  test  were  dried  and  reground  for  flota- 
tion ;  but  on  account  of  the  oxidation  not  a  particle  floated. 

[13] 
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Screen-Analysis  of  20-Mesh  FloiaHon-Concentrates. 


No.  1.. 
No.  2.. 
No.  3., 


Percentage  by 
Mesh.  Weight 

.20  to  40 14.00 

.20  to  40 10.00 

.20  to  40 41.75 


Many  similar  examples  could  be  cited  showing  that  flotation 
largely  reduces  the  proportions  going  to  the  tables,  thereby 
increasing  the  eflEiciency  of  the  latter. 

Table  I.  gives  the  results  obtained  by  flotation  alone.  All 
of  the  ores  tried  were  difficult  ones  to  treat,  and  several  of 
them  were  not  susceptible  to  gravity-separation.  The  recovery 
by  flotation  alone,  in  many  instances,  exceeded  the  returns 
from  the  best  possible  treatment  in  the  wet  way. 


Table  I. — Results  Obtained  by  Flotation. 


Locality. 


Copper- Ore*. 

Canada.     Chalcopyrlte. 

Mexico.      Chalcopyrile 

Colorado.  Chalcopyiite 

Colorado.  Chalcopyrlte 

Canada.     Chalcopyrile 

Colorado.  Chalcopyrile 

Nevada.   Chalcopyrlte  and  garnet 

Arizona  tailings 

Mexico 

Montana 

Colorado 


Qold'OreB. 

Colorado. 

Mexico 

Colorado 

Colorado 

California.  Arsenical  pyrite.. 
Arizona. 


SUvtr-Ores. 

New  Mexico 

Mexico 

Colorado 

Colorado 


lAod-Orts, 

Colorado 40 

Colorado.    Baryta 40 

Canada 40 

Mexico 40 


Per  Cent. 


Cu. 
Cu. 
Cu. 
Cu. 
Cu. 
Cu. 
Cu. 
Cu; 
Cu. 
Cu. 
Cu. 


2.60 
6.80 
1.42 
2.I.0 
2.75 
2.50 
8.85 
0.47 
15.20 
1.90 
8.28 


Oz.  Per 
Ton. 


AU 

Au. 
Au. 
Au. 
Au. 
Au. 


0.26 
0.42 
0.66 
8.50 
90.96 
0.12 


Ag.  15.90 

AR.  95.60 

Ag.  8.00 

Ag.  12.96 

Per  Cent. 

Pb.  12.20 

Pb.  16.60 

Pb.  19.70 

Pb.  5.60 


^ 

«  . 

Q 

ofl 

1 

^1 

|5S 

Tons 

Into  1. 

Per  Cent. 

8.25 

17.10 

8.28 

18.20 

5.97 

5.40 

4.75 

12.25 

9.88 

18.45 

7.04 

15.00 

9.80 

15.46 

28.25 

4.80 

2.14 

26.50 

11.40 
21.60 

Oz.  Per 

Ton. 

26.66 

6.32 

5.88 

1.00 

5.97 

1.42 

4.75 

4.86 

14.59 

811.00 

28.25 

0.98 

23.25 

164.90 

5.88 

840.90 

5.97 

10.60 

4.75 

48.80 

Per  Cent 

11.11 

54.00 

6.06 

41.60 

5.85 

59.60 

6.88 

16.90 

Per  Cent 
79.72 
69.40 
68.75 
96.28 
52.16 
71.60 
40.94 
43.95 
81.48 
42.92 
52.71 


91.19 
40.98 
36.04 
29.24 
28.48 
85.18 


60.01 
61.11 
69.12 
70.84 


39.85 
41.60 
66.56 
51.77 


Per  Cent 
94.48 
88.45 
88.29 
98.45 
86.05 
88.85 
91.21 
74.16 
89.01 
90.45 
91.57 


91.19 
94.41 
86.48 
89.62 
94.52 
80.12 


90.01 
86.26 
88.61 
84.65 


90.86 
96.82 
79.44 
89.65 


[14] 


Digitized  by 


Google 


THE  WOOD  FLOTATION  PROCESS.  1241 

Copper-Ores. 

Alaska. — 80  mesh,  4.08  per  cent,  of  copper.  Close  classifica- 
tion, jigging,  table-concentration,  with  regrinding  of  jig-tail- 
ings, gave  65  per  cent  of  the  copper,  assaying  15.66  per  cent, 
of  Cu.     Ratio,  5.9  tons  to  1. 

By  flotation  at  80-mesh — the  same  ore — the  concentrate  as- 
sayed 25.03  per  cent,  of  Oa,  recovering  73  per  cent,  at  a  ratio 
of  8.4  into  1.  The  Wilfley  concentrate  added  to  this  7.31  per 
cent  more,  assaying  6.82  per  cent  of  Cu,  ratio  21.19  to  1,  a 
total  recovery  of  80.31  per  cent.  When  treated  at  40-me8h  by 
flotation  alone,  the  recovery  exceeds  the  above  total. 

Colorado.  — lO-mesh. 

Copper- 

Anay.        Recovery. 
Per  Cent.       Per  Cent. 

Grade,  100  percent  by  weight 2,68 

Concentrates.  4.76  tons  to  1 12.25  96.23 

Silver-Ore, 

South  America, — 30-me8h. 

*  Assay.  Recoyery. 

02.  Per  Ton.     Per  Cent. 

Contents 36.20 

Flotation-concentrates,  patio  3.64  to  1 106.90  80.90 

Wilfley  concentrates,  ratio  16.01  to  1 36.00  6.19 

Total  at  2.97  to  1,  assaying  (average) 93.70  87.09 

A  second  test  of  this  ore  gave  91  per  cent,  of  its  gold-con- 
tent, 96.3  per  cent,  of  the  silver,  93.9  per  cent,  of  the  lead,  and 
84.41  per  cent,  of  the  copper.  Several  other  combination 
methods  applied  to  this  ore  failed  to  produce  satisfactory  com- 
mercial products. 

Mexico. — 20-mesh. 

Assays.  Recoveries. 

Silver.          Lead.  Silver.           Lead. 

Oz.  Per  Ton.    Per  Cent.  Per  Cent.     Per  Cent. 

Crude 36.6  9.00 

Flotation-concentrates,  17.4  per  cent..l74.70        40.75        83.40        79.00 

Wilfley  concentrates,  8.34  per  cent....  27.90         7.80         6.36  7.25 

Total.. 89.76        86.26 

The  ore  from  Mexico  when  treated  most  carefully  by  wet- 
concentration  gave  75.22  per  cent,  of  the  silver  and  74.38  per 
cent,  of  the  lead,  both  silver  and  lead  being  of  much  lower 
grade. 
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Mexico,  • 

Silver- 

Aflsay.  Recovery. 

Oz.  Per  Ton.        Per  Cent 

Silver  solphide  in  quartz... 38.2 

Direct  table-coDoentration  at  2D-me8h,  ratio  20.97  tons 

tol 395.6  49.38 

The  same  ore  treated  by  flotation  alone— 9.09  tons  into 

1 323.0  93.02 


Bismuth' Ore. 

Colorado. 


Bl.  Recovery. 

Per  Cent.       Per  Gent 


Crude,  100  per  cent,  by  weight  at  40-me8h 1.00 

Flotation-concentrates,  3.84  percent  by  weight 21.46  55.52 

Wilfley  concentrates,  9. 34  per  cent,  by  weight. 3. 25  34. 77 

Total  concentrates,  7.52  tons  into  1 6.79  90.29 

Gold-Ore, 

Nevada. 

Assays.  Recovery. 

An.                 AjT.  Au.              Ag. 

Oa.  Per  Ton.    Oz.PerTon.  Per  Cent.    Per  Gent 

At  20-me8h,  100  per  cent  by  weight...  5.52  6.50 

Flotation-concentrates,  1.15  per  cent. 

by  weight 73.76        122.80        15.36        21.72 

Wilfley  concentrates,  7.90  per  cent  by 

weight 43.26  48.20        61.96        58.62 

Total  concentrates  at  11.04  to  1 48.87         57.58        77.31        80.34 

Left  in  the  tailings — $25  in  gold  and  69  cents  in  silver,  in 
excellent  condition  for  cyanide  treatment,  the  sulphides  having 
been  removed. 

Teliuride  Ore. 

Oolarado. 

Assays.  Recovery. 

Au.  Ag.  An.  As. 

Oz.  Per  Ton.  02.Per  Ton.  Per  Cent    Per  Cent 

Crude  ore 2.10  3.60 

Flotation-concentrates,  2. 2  per  cent  by 

weight 36.50        52.40        37.24        32.14 

Wilfley  concentrates,  6.84  per  cent  by 

weight 11.14        12.70        36.33        24.63 


Total  concentrates,  11.06  tons  into  1... 17.31        22.36        73.57        56.77 

With  extraction  of  the  tellurides  the  values  remaining  in  the 
tailings  were  successfully  cyanided. 

Zinc- Ore. 

Utah. 

Zn.  Recovery. 

Per  Cent        Per  Cent 

Slimes 24.50 

Flotation-concentrates,  3.59  tons  into  1 48.20  59.67 
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Antimony' Ore  (Siibnite). 

Sb.  Recovery. 

Per  Cent        Per  Cent. 

€rude,  100  per  cent,  by  weight  at  40-me8h 3.57 

Flotation-concentrates,  6. 50  per  cent  by  weight 47. 40  86. 30 

Mercury-Ore  (^Cinnabar). 

By  Weight.         Hg. 
Per  Cent.    Per  Cent  Per  Cent 

Crude 100.00  6.30 

Flotation-concentrate^ 9.33  28.10  Recovery  41.58 

Wilfley  concentrates 4.33  76.90  Recovery  62.76 

Tailings .'. 86.33  0.40  Contain      6.48 

Assay  of  combined  concentrates,  7.32 

tons  into  1 43.56  Recovery  94.35 

Molybdenite  Ore. 

•Colorado. 

MoSf.  Recovery. 

Per  Cent  Per  Cent 

Crode,  40-mesh ., 2.08 

Flotation-concentrates,  5  per  cent  by  weight 41.38  99 

Re-treatment  would  materially  increase  the  grade  with  little 
loBB  of  MoS,. 


Alaska, 

MoS|  Recovery. 

Per  Cent        Per  Cent 

Crnde,  20-mesh 2,00 

Flotation-concentrates,  3.33  per  cent  by  weight 61.55  92.27 

•OanadcL 

MoSj  Recovery. 

Per  Cent        Per  Cent 

Quartz  and  mica  gangne 1.87 

Ut  Teat,  Rfi  at  56''  F.     Flotation-concentrates,  30.64 

tons  to  1 45.31  79.08 

2d  Test,  H,0  at  llO""  F.     Flotation-concentrates,  29.41 

tons  to  1 56.70  89.17 

ToreigTi, 

MoSs  By  Weight.      MoSf       Recovery. 

Mesh.  Per  Cent  Per  Cent.    Per  Cent     Per  Cent. 

(1)  20  6.66  Flotation-concentrates. 105  63.50  96.34 

(2)  30  6.73  Flotation-concentrates. 8.6  67.42  86.26 

(3)  40  6.66  Flotation-concentrates 8.8  65.50  86.48 

(4)  40  8.95  Flotation-concentrates 11.29  74.60  94.19 

Gh'aphiie. 

■Oanada, 

Carbon.  By  Weight.  Carbon.     Recovery. 

Mesh.    Percent  FerCent    Per  Cent     Per  Cent 

(1)  40      19.46    Flotation-concentrates, 25.65  69.38  91.27 

(2)  40      66.34    Flotation-concentrates. 72.00  79.92  88.12 

(3)  40        6.30    Flotation-concentrates 6.80  71.14  76.79 
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Silver- Ore — Gray  Copper — Galena — Baryta, 

Colorado. 

Assays.  Recovery. 

.By  Weight.    Silver.       Lead.     Silver.       Lead. 
Per  Cent.    Ounces.  Per  Cent.  Per  Cent  Per  Cent. 

Crude,  20-me8h 6.2        13.2        

Flotation-concentrates 18.4      21.6        68.3        76.2        81.3 

Wilfley-concentrates 6.9      10.0        20.7        13.3        10.8 

25.3       18.4        48.0        89.5        92.1 

Blast' Fmifiace  Flue-Dust. 


Pennsylvania. 


Bv  Weight.                   Iron. 
Per''^  «     


Per  Cent.  Per  Cent. 

Flotation-coDcentrates  (coke) 11.8  

Tailings  (iron) 85.0  64.60 

Loss 3.2  


100.  CO 
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Notes  on  Titanium  and  on  the  Cleansing  Effect  of  Titanium 

on  Cast-iron. 

BY  BRADLEY  8T0UGHT0N,   NEW  YORK,   N.   Y. 

(Cleveland  Meeting,  October,  1912.) 

[Sbcretaby's  Note. — ^To  avoid  repetition  of  foot-notes,  references  to  authori- 
ties are  made  in  this  paper  hj  means  of  figures,  referring  to  a  numbered  list  in  the 
appendix. — J.  S.] 

Introduction. 

This  paper  gives  the  results :  first,  of  a  research  into  the 
somewhat  extensive  literature  of  titanium ;  and  second,  of  a 
series  of  original  tests  upon  the  effect  of  titanium  on  iron  cast- 
ings. New  investigations  have  also  been  made  upon  the  effect 
of  titanium  on  steel,  but  I  hope  to  treat  this  subject  in  an  inde- 
pendent paper  at  some  later  date,  and,  therefore,  will  not  discuss 
the  experiments  in  detail  here. 

The  combined  results  of  this  study,  which  extended  over  a 
period  of  more  than  two  years,  can  be  briefly  summarized  as 
follows : 

1.  Steel  or  cast-iron,  in  which  the  titanium  is  properly  pro- 
portioned, and  which  has  been  properly  treated,  is  improved 
in  strength,  toughness,  and  durability  against  wear,  such  as, 
for  example,  the  wear  of  railroad-rails,  of  steel  and  chilled-iron 
rolls,  car-wheels,  etc. 

2.  These  improvements  seem  to  be  caused,  not  so  much  by 
the  direct  effect  of  titanium  on  the  metal,  as  by  its  cleansing 
influence  in  removing  harmful  impurities,  such  as  oxygen  and 
oxides,  nitrogen,  occluded  slags,  and  perhaps  also  sulphur.  It 
appears  also  to  reduce  segregation,  which  would  contribute  to 
the  same  end. 

3.  In  order  that  its  effects  may  be  fully  realized,  the  treat- 
ment of  steel  or  iron  with  titanium  must  be  correctly  per- 
formed. There  are  a  few  simple,  but  essential,  details  to  be 
observed;  if  they  are  neglected,  the  best  results  cannot  be 
e:^pected. 

To  illustrate  by  an  example :  A  series  of  tests  on  cast-iron 
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was  carried  on  in  a  German  foundry,  in  which  scientific  appa- 
ratus and  instruments  were  employed,  and  great  care  appa- 
rently exercised  in  executing  the  work,  but  the  titanium  treat- 
ment was  performed  without  a  knowledge  of  the  conditions 
which  should  have  prevailed,  and,  as  a  consequence,  the  results 
were  inconclusive.  It  is  as  if  one  should  attempt  to  boil  water 
with  the  best  adapted  appliances  obtainable;  with  scientific 
instruments  to  measure  the  temperature  and  regulate  the  opera- 
tions, and  with  every  condition  fulfilled  except  heating  the 
water  to  a  high  enough  temperature.  Obviously,  the  result 
would  be  quite  as  unsatisfactory  at  211°  F.,  as  far  as  boiling 
water  is  concerned,  as  at  60°,  although  the  former  point  is 
within  a  hair's  breadth  of  success.  So,  in  adding  titanium  to 
iron  or  steel,  if  it  is  put  into  the  slag,  instead  of  the  metal,  or 
if  opportunity  is  not  given  for  it  to  be  absorbed  and  do  its 
work,  or  if  the  steel  is  subsequently  allowed  to  become  oxi- 
dized, or  if  the  treated  metal  is  cast  much  too  hot  or  much  too 
cold — if  any,  or  all,  of  these  important  details  are  neglected^ 
we  must  not  expect  to  get  the  best  results. 

History  op  Titanium. 
Although  the  existence  of  the  element  which  we  now  know 
as  titanium  was  discovered  and  reported  by  McGregor  *  ^  in 
1791,  its  real  scientific  record  did  not  begin  until  1794  and 
1795,  when  a  mineral  specimen  of  rutile  and  two  specimens  of 
cyano-nitride  of  titanium  were  studied  by  Professor  Klaproth,* 
and  by  Vauquelin,^  Hecht,^  and  Hauey.^  Professor  Klaproth — 
the  same  who  gave  the  metal  uranium  its  name — called  the  new 
element  "  Titanium — ^in  honor  of  the  Titans,  the  first  children 
of  the  earth."  ^— p-  ^  The  first  attempt  to  isolate  it  was  made  by 
LampadiuB,^'^^  who,  in  1797,  attacked  a  synthetic  oxide  by 
charcoal  and  heat,  and  obtained  crystals  of  a  dark  copper  color 
which  he  believed  to  be  the  metal,  but  which  we  know  from 
repetitions  of  the  experiment,  and  from  the  color  of  the  prod- 
uct, to  have  been  the  cyanide  or  nitride,  or  both.  In  1825, 
Berzelius  *^  reduced  the  fluo-titanate  of  potassium — ^K^TiP^ — ^by 
means  of  metallic  potassium  and  heat,  and  obtained  an  amor- 
phous gray  powder,  which  is  stated  by  Woehler  ^^p-  "^  to  be 
the  first  specimen  of  metallic  titanium  produced.  Subsequently, 
Woehler^®  himself,  and  other  investigators  who  preceded  him, 
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obtained  the  metal  by  reduction  with  potassium,  sodium,  elec- 
trolysis, and  other  means ;  in  each  case  the  product  was  a  black 
or  grayish-black  powder,  or  silver-white  grains.^  Notwith- 
standing these  researches,  the  cyano-nitride  of  titanium,  with  its 
characteristic  red  color — said  to  be  the  only  substance  in  nature 
resembling  copper  in  appearance — was  commonly  believed  to 
be  metallic  titanium  until  the  publication  of  Woehler's  classic 
monograph  "  in  1849.  This  paper  of  Woehler's  contained  the 
first  published  analysis  of  the  copper-colored  mineral,  which  had 
been  originally  studied  in  1795,  as  mentioned  above,  and  which 
had  long  been  familiar  to  many  iron-masters  through  its  pres- 
ence as  accretions  in  blast-furnaces  and  as  occluded  crystals  in 
slags. 

So  important  had  titanium  become  among  the  metals  in  1864 
that  Rivot  ^  devoted  a  chapter  of  his  Docimasie  to  it,  and,  in 
1879,  Hallock*  published  a  bibliography  on  titanium  com- 
prising several  hundred  references.  In  1886  Shimer^  further 
advanced  our  knowledge  by  showing  that  the  traces  of  titanium 
rarely  found  in  pig-iron  occurred  in  the  form  of  the  carbide — 
Tie — at  least  in  the  five  or  six  samples  which  he  examined, 
and  T.  W.  Hogg^  extended  this  in  1893  by  his  investigations 
of  ferro-manganese,  in  which  he  found  millions  of  crystals  of 
titanium  cyano-nitride,  with  occasionally  the  nitride  and 
carbide. 

Rossi  *'  ^'  ^^^  ^  has  repeatedly  shown  that  titaniferous  iron-ores 
can  be  smelted  successfully  in  the  blast-furnace,  but  the  pres- 
ence of  titanium  compounds  has  nevertheless  always  been  con- 
sidered by  most  smelters  a  serious  handicap.  This  phase  of 
the  subject  was  discussed  by  Riley  *^  in  1863,  Bowron^^-^  in 
1882,  and  the  first  of  Rossi's  papers'  appeared  in  1890.  This 
question  forms  a  most  interesting  study  by  itself,  but  of  late 
years  has  been  somewhat  superseded  in  the  literature  by  ac- 
counts of  the  manufacture  of  ferro-titanium  in  the  electric  fur- 
nace. Before  we  come  to  that  process,  however,  it  is  appro- 
priate to  mention  the  first  production  of  melted  specimens  of 
metallic  titanium,  which  was  accomplished  as  a  laboratory-ex- 
periment by  Moissan  *^  in  his  electric  furnace  in  1894. 

Previous  to  1895,  Auguste  J.  Rossi""  appears  to  have  pro- 
duced ferro-titanium,  by  an  industrially  practicable  method. 
Its  possibilities  were,  however,  very  slow  in  being  recognized. 
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What  may  be  regarded  as  the  first  extended  application  to 
steel  began  at  the  Maryland  Steel  Works  in  November,  1907 ; 
to  cast-iron,*^  at  the  car-wheel  foundry  of  the  Norfolk  &  West- 
ern railway  at  Roanoke,  Va.,  in  August,  1908.  The  rapidity 
of  progress  since  that  time  may  be  learned  from  the  statistics 
of  the  subsequent  years'  production :  In  1911,  in  America  alone 
79  manufacturers  of  steel  treated  a  total  of  410,600  tons  of  steel 
with  ferro-titanium  alloy — the  average  being  about  9  lb.  of 
alloy  (containing  from  10  to  15  per  cent,  of  titanium)  per  gross 
ton  of  steel.  A  large,  but  unrecorded,  amount  of  cast-iron  was 
also  treated.  The  present  importance  of  this  treatment  will  be 
indicated  by  comparison  with  other  steel-alloying  elements; 
thus :  more  steel  and  more  cast-iron  was  treated  with  titanium 
in  1911  than  was  treated  with  all  the  other  elements  combined, 
except  manganese  and  silicon  (aluminum). 

Occurrence. 
Titanium  has  often  been  spoken  of  as  one  of  the  "  rare  ele- 
ments," but  this  description  is  true  only  in  the  sense  that  the 
metal  is  seldom  met  with  in  nature  and  in  the  arts  under  its 
own  name  and  identity.  This  is  because  it  unites  mth  extra- 
ordinary eagerness  with  both  the  oxygen  and  the  nitrogen  of  the 
atmosphere  and  with  other  elements  and  metals  prevalent  in 
nature,  and  because  it  can  be  separated  from  these  combina- 
tions with  much  difficulty,  so  that  it  has  never  been  found  in 
the  free  state,  and  has  only  rarely  been  reduced  from  its  com- 
pounds by  artificial  means.  In  every  other  aspect  it  is  far  from 
being  rare :  a  reliable  estimate  places  it  among  the  ten  com- 
monest elements  in  the  earth's  crust,  together  with  oxygen, 
aluminum,  iron,  silicon,  etc.  ^  ^  It  has  often  been  recognized 
in  plants,  in  the  human  blood,  in  meteorites,  in  the  spectrum 
of  the  sun,^®  and  elsewhere.  It  is  frequently  found  in  clays, 
where  it  has  the  effect  of  increasing  their  fusibility.*^  Numer- 
ous references  tell  of  its  usefulness  in  the  arts  for  a  hundred 
years  back — long  before  electric  smelting  made  it  commercially 
available  in  metallurgy.  Indeed,  the  widespread  prevalence  of 
titanium  prevented  giving  herewith,  as  I  had  hoped  to  do, 
a  comprehensive  bibliography  of  the  literature  relating  to  it, 
because  the  publication  in  our  Transactions  of  far  more  than  a 
thousand  references  on  the  metallurgy  and  chemistry  of  tita- 
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nium  alone  would  scarcely  be  warranted.  Even  a  list  of  refer- 
ences to  the  occurrence  of  titanium  in  connection  with  iron-ores 
would  cover  a  period  beginning  in  the  eighteenth  century,  ^",  ® 
and  would  far  exceed  the  space  available  here.  Washington  ** 
reports  that  titanium  is  probably  never  wholly  absent  from  any 
rocks,  but  that  it  is  distinctly  more  abundant  in  basic  than  in 
acid  rocks,  and  its  affinities  lie  more  with  iron  and  sodium 
than  with  magnesium  and,  still  less,  with  calcium;  indeed, 
rocks  high  in  calcium  and  phosphorus  seldom  contain  much 
titanium.  This  has  often  been  noted  in  iron-ores,  which  are 
more  free  from  phosphorus  when  associated  with  titanium. 

From  the  standpoint  of  the  blast-furnace  manager,  iron-ores 
are  not  classed  as  "  titaniferous  "  unless  they  contain  more  than 
2  or  3  per  cent,  of  titanium,  because  these  small  amounts  give 
no  especial  difficulty  in  smelting;  but  vast  deposits — even 
mountains  —  of  iron-ore  lie  idle  in  various  parts  of  the 
world*^^^'3^PP-^^^'2  because  they  contain  from  5  to  50  per  cent, 
and  more  of  titanium  oxide  or  of  the  so-called  "  titanic  iron  " — 
a  mineral  whose  formula  is  stated  by  Koenig  and  von  der  Pfor- 
ten  ^  to  be  FeTiOj.  Most  of  these  titaniferous  ores  are  mag- 
netic, hematite  being  only  infrequently  accompanied  by  tita- 
nium.*' The  best  known  deposits  are  in  Scandinavia,^,  *^  *^ 
Canada,^  New  York  State,**,  ^  Lake  Superior,^®  Australia,^ 
and  Wales.*^ 

In  the  smelting  of  ores  containing  titanium,  the  latter  usually 
passes  more  or  less  completely  into  the  slag  in  oxidized  form.*^ 
However,  it  does  not  require  a  higher  temperature  than  is  often 
employed  in  the  iron  blast-furnace  to  reduce  oxide  of  titanium 
to  the  nitride,  cyanide,  or  carbide,  ®,  ^',  ",  "  and  accretions  of 
the  cyanide  and  nitride  are  often  found  in  the  hearth,  as  well 
as  occasionally  at  higher  levels,  its  presence  in  the  latter  locar 
lion  being  due,  no  doubt,  to  the  volatility  of  the  cyano-nitride 
and  its  condensation  in  cooler  regions.^*  ^^  ^' ''^  (p- ^^)  Micro- 
scopic crystals  of  cyanide  and  nitride  are  often  seen  in  blast- 
furnace slags  ^,  ^f  ^^  and  have  been  found  in  ferro-manganese, 
as  already  mentioned.'^  I  am  indebted  to  J.  E.  Johnson,  Jr., 
for  the  following  explanation  (in  a  private  communication  of 
July  18,  1912)  why  cyano-nitride  is  more  frequently  found  in 
ferro-manganese  than  in  pig-iron : 
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'*  Titanium  is  a  highly  refractory  substance,  and  in  small  quantities  is  normally 
slagged  out  of  the  furnace.  In  order  to  make  spiegeli  and  particularly  ferro-man- 
ganese,  it  is  necessary  to  run  the  furnace  very  hot  and  also  very  basic  to  prevent 
scouring  of  the  manganese  into  the  slag.  I  should  say  that  these  were  the  two 
conditions  best  calculated  to  reduce  the  rutile  to  cyano-nitride.'' 

As  regards  the  presence  of  metallic  titanium  in  the  elemental 
condition  either  in  bla8t>furnace  slag  or  in  pig-iron,  I  have  been 
unable  to  find  any  evidence  to  indicate  that  it  occurs  as  such. 
Wollaston,  in  his  oft-quoted  treatise,^^  speaks  of  "  metallic  tita- 
nium found  in  blast-furnace  slag,"  but  his  paper  shows  that  he 
mistook  the  cyano-nitride  for  the  metal,  as  most  investigators 
did  previous  to  1849.  De  Greswolde,^  who  followed  Wollaston, 
and  in  1829  dissolved  a  titaniferous  blast-furnace  slag  in  aqua 
regia,  did  indeed  obtain  black  and  silver-white  metallic  powder 
and  grains,  but  Klaproth,^  ^  had  already  shown  in  1796  that 
both  nitric  and  hydrochloric  acids  would  dissolve  the  cyano- 
nitride,  which  may  therefore  have  been  the  origin  of  any  me- 
tallic titanium  fortuitously  produced  by  de  Greswolde,  if,  in- 
deed, his  grains  were  titanium.  The  methods  of  analysis  used 
on  pig-iron  would  not  distinguish  between  titanium  in  the  ele- 
mental state,  or  as  cyanide,  nitride,  or  carbide,  and  the  many 
occurrences  of  titanium  in  pig-iron  reported  from  the  first  half  of 
the  nineteenth  century  onward,  indicate  nothing  more  than  that 
titanium  was  present  in  some  form  or  other.  Even  as  early  aa 
1841  Karsten  ^^~P- '^  expresses  the  opinion  that  the  titanium 
present  was  probably  mechanically  mixed,  and  not  combined 
with  the  iron.  Wedding  6i-voi.  i.,  p.  873  expresses  a  like  opinion- 
Percy,^  who  quotes  several  analyses,  says  that  it  appears  to  be 
present  as  TiO^,  while  Bell  ^s-pp.  157,  i67  mentions  the  presence  of 
"titanium  or  its  nitride."  In  view  of  the  irreducibility  of 
compounds  of  titanium  by  carbon  at  temperatures  higher  than 
those  of  the  blast-furnace,  even  in  the  presence  of  iron,  I  am 
inclined  to  agi'ee  with  Rossi  that  the  small  amount  of  titanium 
found — only  rarely  exceeding  0.50  per  cent,  and  somewhat 
doubtful  when  over  1  per  cent.^^ — was  always  in  the  combined 
state. 

Physical  Properties  op  Titanium  and  Its  Compounds. 
Weiss  and  Kaiser  ^-p-^^  determined  the  melting-point  of  a 
mass  of  impure  titanium  containing  Ti,  95.1;  Al,  2.78;  H^ 

[6] 


Digitized  by 


Google 


NOTES   ON   TITANIUM.  1251 

1.07;  C,  0.42;  undetermined,  0.33  per  cent,  and  report  it 
somewhat  vaguely  as  between  2,200°  and  2,400°  0.  (3,992° 
and  4,352°  F.).  This  figure  has  often  been  quoted  as  the 
melting-point  of  the  element,  but,  obviously,  the  presence  of 
the  impurities  mentioned  would  alter  the  fusing-point  mate- 
rially. Both  Moissan  and  Rossi,  who  have  probably  had  more 
experience  with  the  metal  in  molten  masses  than  any  other 
scientific  investigators,  give  much  higher  figures.  Moissan 
says  ^®  that  titanium  with  2  per  cent,  of  carbon  is  the  most  re- 
-  f ractory  substance  he  has  met  with  in  his  electric-furnace  ex- 
periments, and  Rossi  ^^^  ^  affirms  that  the  melting-point  of 
titanium  is  between  2,700°  and  3,000°  C.  (4,892°  to  5,432°  F.). 

However,  Hunter"^  contradicts  both  these  estimates,  and 
explains  them  on  the  ground  that  Moissan  and  others  produced^ 
not  pure  metal,  but  alloys  of  the  metal  with  its  compounds* 
His  estimate  of  the  melting-point  is  between  1,800°  and 
1,850°  C. 

Weiss  and  Kaiser  give  the  following  figures  for  constants  of 
what  they  call  their  "pure  metal"  ^-p. sft5_f^  ^^^  Ti,  97.41 ;  H, 
1.56;  0,0.30;  undetermined,  0.73  per  cent.;  specific  gravity, 
5.174;  specific  heat,  0.1418;  atomic  heat,  6.830;  heat  of  com- 
bination with  oxygen :  Ti  +  20  ==  TiO^  +  97,772  calories. 
I  much  favor,  however,  the  figures  for  specific  gravity  given  by 
Moissan,  Rossi,  and  Hunter;  the  first-named  gives  4.87;  ^^  the 
second,  4.85  ^^^  ^  and  4.84,  and,  finally  ,Hunter  says  4.50.ii«-pp-  ^^^ 
The  color  of  the  metal  in  massive  form  is  silver-white,  with  a 
brilliant  white  fracture.^*  ^®  It  is  hard  and  brittle  when  cold, 
but  can  readily  be  forged  at  red  heat^^^PP-  ^-^  The  melting- 
point  of  ferro-titanium,  made  by  the  thermit  process,  and  con- 
taining from  20  to  25  per  cent,  of  titanium,  is  said  to  be  between 
1,300°  and  1,400°  0.  (2,372°  and  2,552°  F.).ii9a 

Titanium  seems  to  give  extreme  hardness  to  some  of  its 
alloys  and  compounds;  thus,  its  ternary  alloy  with  aluminum 
and  copper  is  said  to  be  very  hard  and  resilient ;  the  cyanides, 
nitrides,  and  carbides  are  very  hard,  indeed.  The  cyano- 
nitride,  according  to  Vauquelin  and  Hecht,^  is  hard  enough  to 
scratch  glass,  but  is  pulverized  with  difficulty .''-p-  ^^  Accord- 
ing to  Rivot,^~P- ^^^  it  will  even  scratch  quartz,  but,  on  the  con- 
trary, he  says  that  it  is  very  fragile,  and  is  pulverized  with  ease 
in  a  mortar.     Lampadius  "  found  it  brittle,  but  possessing  in 
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small  scales  a  considerable  degree  of  elasticity.  These  differ- 
ences, as  well  as  others  to  be  noted,  are  no  doubt  explainable, 
in  part  at  least,  by  the  variable  composition  of  the  cyano-nitride, 
which  fluctuates  greatly  in  the  relative  proportions  of  cyanide 
and  nitride  contained ;  for  example,  the  specimen  examined  by 
Woehler,^^  whose  analysis  has  been  so  often  quoted,  contained 
Ti,  77.26;  N,  18.30;  C,  3.64  per  cent,  while  the  crystals  separ 
rated  by  Hogg  from  ferro-manganese  "  contained  from  60.5  to 
79.8  per  cent,  of  Ti,  and  always  some  iron.  The  cyano-nitride 
has  a  brilliant  metallic  luster,  and  a  markedly  characteristic 
red-brown,  or  copper,  color.  It  crystallizes  often  in  cubes, 
sometimes  as  small  as  0.001  in.  in  diameter;  less  often  in  octa- 
hedra  and  other  isometric  forms;  it  is  not  easily  fused,^^*^^  but 
volatilizes  at  the  temperature  of  the  crucible-steel  melting- 
furnace  ^'  69  A.  79  (which  would  be  about  1,750®  C).  Its  specific 
gravity  is  given  by  different  observers  as  follows : 

1796,  VaaqueliD  and  Hecht,  reference  No.    7,  specific  gravity 4.2469 

1822,  WoUaston,  reference  No.  22,  specific  gravity 5.3 

1897,  Franck,  reference  No.  67,  specific  gravity 5.28 

1895,  Hogg,  reference  No.  37,  specific  gravity 4.1  to  5.1 

Shimer  gives  the  specific  gravity  of  the  carbide — TiC— as  6.1".  Moisaanl**. 
gives  it  as  4.3.  WoUaston''  says  that  the  electric  conductivity  of  the  cyano- 
nitride  is  great. 

Titanium  has  the  power  of  forming  compounds  having  a 
variety  of  colors  of  unusual  richness,  such  as  red,  green,  yellow, 
blue,  etc.  For  instance,  the  different  nitrides  studied  by 
Woehler  were  violet,  golden  yellow,  and  copper  colored.  In 
this  property  titanium  resembles  gold.  The  compounds  of  ti- 
tanium also  vary  greatly  in  their  state  of  aggregation — ^f  rom  the 
extraordinary  infusibility  of  the  cyano-nitride,  to  the  fluidity  of 
the  chloride,  and  the  volatility  of  the  chloride  ^  and  hydro- 
fluoride. 

Chemical  Propbrtibs  of  Titanium. 

The  chemical  properties  of  titanium  are,  in  general,  similar 
to  those  of  silicon,  with  the  difference  that  titanium  is  more 
active  in  combination,  both  as  to  the  number  of  elements  with 
which  it  unites  readily,  and  the  number  of  different  compounds 
formed  with  each.  In  some  respects  it  is  also  far  more  ener- 
getic in  its  action  than  silicon ;  as,  for  example,  it  unites  with 
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oxygen,  nitrogen,  chlorine,  and  bromine  with  so  much  energy 
as  to  become  incandescent.  ^^ (pp- ^^2)'  i^* ^3 (p.  126) 

It  unites  readily  with  oxygen  at  610°  C.  (1,130°  F.)  and  this 
reaction,  according  to  Kaiser,*  evolves  97,772  calories.  Had 
Kaiser  experimented  with  purer  material  this  result  might  have 
been  different.  It  is  one  of  the  elements  like  sodium,  etc., 
which,  when  brought  into  contact  with  water,  decomposes  it 
to  form  hydrogen  gas  and  metallic  oxide.""  ^'  ^^  (p-  ^^)'  *^  <p-  i^> 
Upon  warming  powdered  titanium,  it  unites  readily  with  oxy- 
gen with  brilliant  scintillation,  and  the  reaction  is  so  energetic 
that  it  propagates  itself  thereafter,  even  if  removed  from  con- 
tact with  the  flame.^*~P-  ^®^  Woehler  states  that  he  does  not 
know  of  another  body  which  burns  as  energetically  in  oxygen 
as  titanium,  and  furthermore,  that  metallic  titanium  mixed 
with  oxide  of  copper  and  warmed,  reduces  the  copper  to  the 
metallic  state  with  the  evolution  of  great  heat.^^P-  ^^  It  forms 
many  oxides,  such  as  TiO,  Ti^Og,  TiOj,  etc.,  of  which  TiO^  is 
the  most  common.^  ^p- 122),  79,  et  ai  j^  ^Iso  forms  oxy-chlorides.^® 
The  oxide  of  titanium  is  reduced  by  aluminum  with  evolution 
of  heat. 

Titanium  has  a  greater  affinity  for  nitrogen  than  has  any 
other  known  element.  When  heated  to  800°  C.  (1,472°F.)  in 
an  atmosphere  of  nitrogen  gas,  it  burns  brilliantly  with  incan- 
descence. Roberts- Austen^  states  that  this  is  the  only  known 
instance  of  vivid  combustion  in  nitrogen.  It  forms  several  ni- 
trides, such  as  TijN,  TiN,  Ti.N^,  TijN,,  TiglST,,  etc.  i«  (p- ^«>).  70,  ne 
The  massive  and  fused  titanium  is  not  so  active  in  uniting  with 
nitrogen  as  the  powder.'*  Titanium  oxide,  when  heated  in  the 
presence  of  nitrogen,  decomposes  into  titanium  nitride ;  "^  ^p-  ^^^* 
79  A,  18,116,4 — and  titanium  cyanide  Up- isi),  le.  71, 79  b  jf  carbon  also 
is  present.  It  is  in  this  way  that  the  various  mixtures  of 
nitride  and  cyanide,  somewhat  vaguely  termed  "  cyano-nitride 
of  titanium,"  are  produced  in  the  blast-furnace  and  elsewhere. 
Even  titanium  cyanide  will  absorb  nitrogen  with  the  evolu- 
tion of  heat. 

Titanium  also  forms  a  stable  carbide,  TiC,  which  has  been 
found  in  pig-iron  and  ferro-manganese,  but  which  is  said  to  be 
almost  absent  from  ferro-titanium,  that  is  to  say,  from  pig-iron 
when  the  titanium  is  large  in  amount — say  more  than  10  per 
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cent.^^-^  Indeed,  the  action  of  titanium  is  to  precipitate  carbon 
from  cast-iron  and  steel.^^^ 

Titanium  forms  one  stable  sulphide  : — TiS,^-"P-  ^*^.  Blair  and 
Shinier  found  crystals  of  the  following  composition  in  a  gray  pig- 
iron  :  «B  Ti,  62.82 ;  S,  22.64 ;  C,  9.82 ;  Fe,  1.82 ;  undetermined, 
2.90  per  cent.  I  am  inclined  to  think  that  titanium  sulphide 
is  not  readily  soluble  in  molten  iron  and  steel,  but,  like  mangan- 
ese sulphide,  it  separates  from  the  molten  bath.  But  the  action 
seems  to  be  more  rapid  in  the  case  of  titanium  sulphide  than  in 
the  case  of  manganese  sulphide,  because  Goldschmidt  ^^  and 
Treuheit  *"  found  the  amount  of  sulphur  decreased  after  a  brief 
titanium  treatment. 

Titanium  unites  with  chlorine,  fluorine,  iodine,  hydrogen, 
etc. ;  also  it  forms  a  silicide,  aluminide,  boride,  etc.,  but  has 
only  slight  aflinity  for  phosphorus  and  arsenic.^  ®**^- 

The  oxide  of  titanium  acts  as  an  acid  flux  and  unites  with 
iron  oxide,  aluminum,  calcium  and  other  metals  to  form  titan- 
ates.^^  These  titanates  apparently  lower  the  melting-point  of 
silicates  of  the  same  metals ;  i.  6.,  the  dirt  and  slags  occluded 
in  iron  and  steel.^^^ 

Titanium  in  Piq-Iron. 

Some  writers  have  placed  a  good  deal  of  emphasis  on  the  cir- 
cumstance that  certain  grades  of  pig-iron  which  have  borne  an 
unusually  good  reputation  for  strength  and  toughness  for  a  long 
period  of  years,  have  been  thought  to  contain  traces  of  titanium, 
or  else  have  been  smelted  from  mixtures  containing  titaniferous 
ores.  Rossi  ^pp-  ^^"^  gives  a  list  of  references  relating  to  this 
subject,  and  a  number  of  text-books  freely  quote  such  state- 
ments. 

It  is  not  to  be  denied  that  a  reputation  for  excellence  extend- 
ing over  a  long  period  of  years  forms  some  basis  for  such  an 
opinion,  as,  for  example,  the  titaniferous  charcoal  pig-iron  of 
Turrach,  which  has  borne  an.  excellent  reputation  for  250 
years."  Neither  is  it  to  be  denied  that  some  of  the  most  care- 
ful metallurgists  of  the  nineteenth  century  have  attributed  the 
excellence  of  certain  grades  of  pig-iron  to  titanium,  or  have,  at 
least,  attributed  excellence  to  titaniferous  pig-iron ;  for  exam- 
ple: Bell,52-pp.  760-1  Rivot,i-PP- 15^7  Osborn,5^p-475  Crookes  and 
Roehrig,*'^    Akerman,*^     Bauerman,^-P- ^     Raymond,^ -^    and 
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others.  Finally,  it  is  admitted  that  the  presence  of  titanium 
in  the  blast-furnace,  or  the  presence  of  compounds  of  titanium 
in  pig-iron,  might  have  the  effect  of  opposing  the  entrance  of 
nitrogen  to  the  metal,  which  would,  doubtless,  increase  its 
strength  and  decrease  its  brittleness.  Nevertheless,  all  this 
evidence  is  necessarily  circuinstantial,  and  in  case  of  a  conflict 
of  testimony,  should  be  inclined  to  place  more  weight  upon 
comparative  tests  of  cast-iron,  such  as  those  given  in  a  later 
section  of  this  paper. 

Titanium  in  Steel. 

What  is  now  often  called  "titanium-steel,"  is  not  a  true 
alloy-steel  in  the  same  sense  as  nickel-steel,  manganese-steel, 
etc.,  because  the  titanium  is  added  for  the  purpose  of  cleansing 
and  purifjdng  the  metal,  and  not  with  the  expectation  of  pro- 
ducing new  properties  by  its  direct  influence.  On  the  con- 
trary, when  sufficient  titanium  has  been  added  to  produce  a 
direct  influence,  the  result  has  not  always  seemed  favorable.^ 
Indeed,  we  may  make  excellent  titanium-steel  in  which  not  a 
trace  of  titanium  can  be  found — it  already  having  performed 
its  scavenging  work  and  passed  out  of  the  bath  together  with 
the  impurities  it  was  commissioned  to  remove.  The  case  is 
somewhat  similar  to  that  of  manganese,  which  is  added  to 
almost  all  steels  for  the  purpose  of  removing  oxygen  and  sul- 
phur, and  neutralizing  the  effects  of  any  traces  of  those  ele- 
ments which  remain  thereafter.  Small  doses  of  manganese  are 
used  for  this  purpose.  However,  when  we  wish  to  take  advan- 
tage of  the  direct  effect  of  manganese,  we  add  about  15  per 
cent,  of  the  metal,  and  then  get  an  entirely  new  result,  which 
makes  manganese-alloy  steel.  Most  of  the  titanium-steel  be- 
longs in  the  first  class,  and  not  in  the  true  alloy-steel  class.  In- 
dications are  not  wanting,  however,  that  the  direct  effect  of  ti- 
tanium on  steel  and  iron  may  have  its  advantages,^^^!^  ^  and 
the  future  will  perhaps  see  titanium  alloy-steel  used  for  many 
purposes. 

Even  when  used  for  cleansing  purposes,  titanium  hardens, 
strengthens,  and  toughens  steel,  and  this  seems  to  apply  to  cru- 
cible-,^^  ^  and  even  electric  steel,®^  ^  as  well  as  to  Bessemer  94.97,99 
and  open-hearth.9^'^^3  Touceda  tested  two  steels  in  a  Wright- 
Souther  alternate  testing-machine :  one  of  them  had  been  treated 
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with  0.25  per  cent,  of  the  usual  10  per  cent,  grade  of  ferro-titan- 
ium  alloy,  and  the  other  was  like  it  but  without  having  been  so 
treated.  The  untreated  steel  stood  2,676,000  revolutions  at  a 
maximum  fiber-stress  of  38,872  lb.;  the  treated  steel  stood  18,- 
274,000  revolutions  at  a  fiber-stress  of  from  38,872  to  45,939 
lb.  Waterhouse  tested  the  segregation  of  steel  which  had  been 
treated  with  titanium,  and  that  which  had  not  been  so  treated, 
and  found  a  reduction  of  segregation  in  the  former. ^^ 

Titanium  and  Non-Fbrrous  Metals. 
Titanium  hardens  and  strengthens  aluminum  and  increases 
its  toughness  and  resiliency.  It  is  stated  that  the  addition  of 
titanium,  chromium,  and  copper  to  aluminum  gives  some  of 
the  hardest  and  toughest  light  alloys  yet  produced.  Some 
years  ago,  small  percentages  of  titanium  were  added  to  alumi- 
num to  make  an  alloy  which  was  used  by  European  bicycle 
manufacturers;  the  strength  of  the  aluminum  was  increased 
from  23,300  to  73,500  lb.  per  sq.  in.^«*  Richards  states  that 
titanium  has  been  alloyed  with  aluminum  in  proportions  up  to 
7  per  cent,  but  that  2  per  cent,  gave  the  best  result.  This 
alloy  had  an  elasticity  comparable  to  spring-brass,  but  it  cor- 
roded badly,  and  so  has  disappeared  from  the  industrial  world.'®^ 
Copper  is  greatly  improved  by  the  addition  of  titanium  in  small 
amounts  to  remove  oxygen  and  gases,  and  this  is  a  branch  of 
the  industry  which  is  now  undergoing  rapid  development. 

The  Manufacture  op  Titanium  and  of  Ferro-Titanium. 

The  manufacture  of  titanium  in  a  substantially  pure  state  by 
a  process  cheap  enough  to  be  commercially  satisfactory,  has 
apparently  not  yet  been  accomplished.  Moissan's  method  of 
reducing  the  oxide  by  carbon  in  an  electric  furnace  seems  in- 
dustrially impracticable ;  the  alumino-thermic  process  of  Gold- 
schmidt  incorporates  aluminum  as  an  impurity;  finally,  any 
smelting  process  not  carried  on  in  vacuo  gives  the  molten  metal 
an  opportunity  to  absorb  material  amounts  of  nitrogen  and 
oxygen.  Numerous  wet  processes  have  been  developed  iu 
laboratories,  and  have  produced  samples  of  titanium  of  varying 
degrees  of  purity  from  95  per  cent,  upward,  but  these  are  all 
too  costly  to  be  adopted  commercially  unless  the  use  to  which 
the  metal  is  to  be  put  will  justify  a  high  price.     Weiss  and 
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Eaiser^  and  Hunter"*  have  described  these  several  methods 
in  some  detail,  and  the  latter  has  obtained  a  product  in  which 
he  found  by  two  different  methods  of  analysis  nearly  100  per 
cent,  of  Ti.  His  process,  in  brief,  is  the  reduction  of  tita- 
nium tetra-chloride,  TiCl^,  by  sodium  at  a  red  heat.  Before  his 
experiments  were  made,  Georges  and  Staehler  "*  had  reduced 
the  tetra-chloride  by  means  of  hydrogen,  but  sodium  would  of 
course  give  a  purer  product,  although  a  more  costly  one.  In- 
deed, the  reduction  by  means  of  sodium  is  not  new  with  Hunter,* 
but  it,  like  all  these  laboratory  methods,  is  far  too  costly  to  pro- 
duce a  metal  that  can  be  used  in  the  manufacture  of  iron  and 
steel.  For  this  purpose  we  must  employ  some  process  com- 
parable in  cost  with  the  Goldschmidt  thermit  process,  or  the 
ferro-titanium  process  of  Rossi,  which  two  methods  of  manufac- 
ture are  the  only  ones  which  have  been  used  on  a  large  scale 
in  connection  with  metallurgy,  so  far  as  I  know,  although  Hup- 
pertz^®  and  Borchers,"^  Lodyguine,"*  and  Gin"*  have  each  de- 
veloped processes  which  seem  to  have  important  possibilities. 

The  Goldschmidt  thermit  process,  as  applied  to  titanium  re- 
duction, is  not  a  simple  application  of  the  base  reaction,  as 
follows : 

3  :  TiO^  +  2  :  Al,  =  2  :  A\fi^  +  3  :  Ti, 

because  this  would  not  evolve  sufficient  heat ;  one  employs  in- 
stead a  mixture  of  iron  thermit  with  titanium  thermit  in  such 
proportions  that,  when  ignited,  a  ferro-titanium  will  be  pro- 
duced containing  Pe,  75 ;  Ti,  25  per  cent,  thus : 

4  :  Fefi,  +  4  :  Al,  =  4  :  Al,03  +  4  :  Fe,; 
3  :  TiO^  +  2  :  Ai;=  2  :  A],03  +  3  :  Ti. 

The  heat  evolved  by  the  first  reaction  augments  that  evolved 
by  the  second  reaction,  and  this  makes  an  energetic  exothermic 
effect.  Ferro-titanium  could,  if  desired,  be  made  in  this  man- 
ner independently  and  then  added  to  iron  or  steel,  but  it  is  not 
applied  this  way  industrially.  Instead,  one  step  is  made  of 
the  two  operations,  and  the  mixture  of  iron-  and  titanium- 
thermits  is  added  to  the  molten  iron  or  steel  which  is  to  be 
treated,  so  that  the  alloy  will  be  reduced  in  situ. 

Rossi  makes  ferro-titanium  containing  from   10  to  15  per 
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cent,  of  titanium,  and  from  5  to  8  per  cent,  of  carbon,  and  the 
residue  iron,  by  heating  a  pulverized  mixture  of  titaniferous 
iron-ore  and  charcoal  to  a  temperature  of  not  less  than  1,927°  C. 
(3,500°  F.).  This  operation  is  performed  in  an  arc  electric 
furnace  of  the  Siemens  type.  If  an  alloy  low  in  carbon  is  de- 
sired, a  slightly  different  form  of  furnace  is  employed,  in  which 
graphite  does  not  come  in  contact  with  the  molten  alloy,  and 
the  reduction  is  performed  by  liquid  aluminum,  as  follows : 
Scrap-aluminum  is  charged  and  melted,  followed  by  the  de- 
sired amount  of  scrap-iron.  The  iron  forms  a  liquid  bath 
upon  which  the  aluminum  floats.  Upon  this  layer  of  alumi- 
num is  charged  rich  titaniferous  ores,  or  else  a  titaniferous  slag 
consisting  of  calcium  titanate,  the  manufacture  of  which  is  per- 
formed in  an  auxiliary  furnace.  The  reaction  between  the 
melted  aluminum  and  the  titanium  oxide  occurs  at  once  at  the 
surface  of  contact,  and  has  so  much  energy  of  its  own  that 
little  electricity  is  required  thereafter  to  keep  the  temperature 
up  to  the  reaction-point.  The  reduced  titanium  unites  with 
the  iron  bath.  The  rich  slag  used  in  this  operation  is  also 
used  when  desired  instead  of  titaniferous  iron-ores  in  making 
the  high-carbon  grade  of  f erro-titanium.  It  is  made  by  smeltr 
ing  titaniferous  iron-ores  with  a  limited  amount  of  charcoal 
and  at  a  temperature  suflBiciently  elevated  to  reduce  iron  and 
silicon,  but  not  to  reduce  titanium.  Pig-iron  substantially  free 
from  titanium  is  thus  produced,  and  contains  the  bulk  of  the 
impurities  in  the  ores,  such  as  sulphur,  phosphorus,  etc.  The 
titanium  oxide  is  fluxed  with  lime  to  form  a  slag  consisting 
chiefly  of  calcium  titanate,  OaO,  TiOg. 

Rbsearchbs  Upon  the  Effect  of  Titanium  on  Cast-Iron. 

In  some  of  his  experiments,  Rossi  appears  to  have  added  6  per 
cent,  of  a  pig-iron  containing  0.2  per  cent,  of  titanium  to  a  non- 
titaniferous  pig-iron,  and  increased  the  transverse  strength 
thereof  from  3,390  to  3,778  lb.  per  sq.  in.  Then  he  added  25 
per  cent,  of  the  same  pig-iron,  but  the  strength  was  increased 
only  to  3,480  lb.  I  am  inclined  to  believe  that  he  chilled  his 
iron  when  using  the  larger  amount  of  titaniferous  pig,  or  else 
that  he  raised  the  freezing-temperature  without  equally  raising 
the  casting-temperature,  and  thus  destroyed  in  part  the  good 
effect  on  strength  which  the  titanium  treatment  would  have  had. 
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This  matter  of  the  casting-temperature  of  cast-iron  is  one  which 
a  great  many  investigators  of  titanium  treatment  seem  to  have 
overlooked ;  indeed,  it  is  one  upon  which  little  scientific  thought 
appears  to  have  been  expended,  for  I  have  found  few  published 
data  upon  it.  However,  Longmuir'^^  has  studied  the  effect 
of  casting-temperature  on  tensile  strength,  and  his  figures  will 
serve  as  a  guide  to  show  us  the  importance  of  this  question.  I 
have  averaged  the  record  of  about  42  tests  published  by  him  in 
1903  and  1904,  with  the  following  result :  The  strength  of  iron 
cast  at  the  correct  temperature  (estimated  by  Longmuir  as 
about  1,230°  C.  ==  2,246°  F.)  averaged  23,985  lb.  per  sq.  in. ; 
that  of  iron  cast  too  hot  (estimated  by  him  as  about  1,320°  0.  = 
2,408°  F.),  waa  16,100  lb.,  equivalent  to  a  loss  of  33  per  cent. ; 
that  of  iron  cast  too  cold  (estimated  as  about  1,120°  0.  =  2,048° 
F.),wa8  17,781  lb., or  a  loss  of  about  25  percent.  Therefore, if 
we  are  aiming  to  improve  strength,  we  must  guard  against  cast- 
ing the  iron  either  too  hot  or  too  cold,  and  this  matter  is  equally 
important  whether  we  operate  by  means  of  titanium  or  in  any 
other  way. 

Rossi's  experiments  above  noted  appear  to  have  been  made 
in  crucibles  and  in  the  iron  casting-ladle.  He  supplemented 
them  by  others  in  which  he  used  4  per  cent,  of  a  ferro-titanium 
alloy  containing  from  10  to  15  per  cent,  of  Ti.  By  this  means 
he  increased  the  transverse  strength  of  cast-iron  by  from  20  to 
25  per  cent.,  and  the  tensile  strength  by  from  30  to  50  per  cent. 

These  tests  were  followed  by  those  of  Schiemann,*^  who 
added  5  per  cent,  of  ferro-titanium  thermit  to  a  series  of  cast- 
irons,  and  increased  the  tensile  strength  by  varying  proportions 
between  30  and  50  per  cent. 

Rossi  made  some  experiments  in  1905,  in  which  he  added 
1  per  cent,  of  a  ferro-titanium  alloy  containing  12  per  cent, 
of  titanium  to  cast-iron  and  increased  the  transverse  strength 
by  from  17  to  23  per  cent.,  and  the  tensile  strength  by  from 
6  to  29J  per  cent 

In  the  same  year,  Goldschmidt  ^^^  reports  a  series  of  tests  in 
which  he  added  0.1  per  cent,  of  titanium  to  iron  by  means  of 
thermit,  and  obtained  increases  in  the  transverse  strength  of 
irom  1  to  17  per  cent.,  and  in  the  tensile  strength  of  from  4  to 
16  per  cent. 

In  1908,  Prof.  Martin  Hokan8on,^^PP-62-3  of  the   Carnegie 
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Technical  Schools,  found  the  compressive  strength  of  chilled 
cast-iron  which  had  been  treated  with  ferro-titanium  alloy  to  be 
298,000  lb.  per  sq.  in.,  as  compared  with  173,000  lb.  for  the 
same  metal  untreated.  The  hardness  of  the  treated  metal  wa& 
557  (Brinell),  as  compared  with  455  for  the  untreated  iron. 

Dr.  Richard  Moldenke  *^  made  a  series  of  transverse  tests  on 
white  and  gray  cast-irons  in  1908,  with  the  following  results: 


Gray  Irons. 

Lb.  Per  Sq.  In. 

Untreated  iron  (average  of  9  tests),  2,020 

Plus  0.05  p.c.  of  Tia(  average  of  4  tests),  3,100 

Plus  0.10p.c.ofTi  (averageof  3  tests),  3,030 

Plus  0.05  p.c.  of  Ti  (average  of  6  tests),  3,070 

Plus  0. 10  p.c.  of  Ti  (average  of  6  tests),  2,990 

Plus  0.15  p.c.  of  Ti  (averageof  4  tests),  3,190 


!  White  Irons. 

Lb.  Per  Sq.  In. 

(Averageof    8 tests) 2,050 

(Average  of  11  tests) 2,400 

(Average  of   9  tests) 2,420 

(Average  of  10  tests) 2,400 

(Average  of  10  tests) 2,520 


a  Titanium  added  in  form  of  ferro-titanium  alloy. 

Average  of  treated  gray  cast-iron,  3,070,  equivalent  to  increase  of  52  per  cent. 

Average  of  treated  white  cast-iron,  2,430,  equivalent  to  increase  of  18  per  cent. 

Moldenke  added  ferro-titanium  alloy  equivalent  to  0.10  per 
cent,  of  titanium  to  the  bed  of  a  cupola,  but  the  results  of  tests 
of  the  metal  therefrom  were  so  irregular  that  he  judged  an 
average  to  be  unrepresentative.  I  have  duplicated  this  result 
several  times,  and  am  inclined  to  believe  that  the  oxidizing  in- 
fluence brought  to  bear  on  the  bed  of  a  cupola  makes  the 
use  of  titanium  there  of  uncertain  value  as  far  as  strength  is 
concerned.  The  whole  question  of  the  use  of  titanium  in  the 
cupola  requires  investigation.  The  ferro-titanium  alloy  melts 
at  a  higher  temperature  than  the  iron  itself,  and  therefore  gets 
nearer  the  tuyeres  before  it  begins  to  trickle  down  into  the 
hearth.  If,  during  this  transit,  it  meets  with  slag,  its  value  will 
be  lost  as  far  as  the  iron  is  concerned,  because  it  will  attack  the 
oxygen  in  the  slag  and  unite  with  it,  thus  being  used  up.  Cu- 
polas must  be  constantly  drained  clear  of  slag,  when  titanium- 
alloy  is  melted  with  cast-iron  therein.  We  must  go  even  further 
than  this  precaution  to  prevent  a  layer  of  slag  accumulating 
on  top  of  the  metal  and  intercepting  the  drops  of  melted 
alloy,  because  constantly  draining  the  cupola  will  not  keep  the 
slag  away  provided  the  level  of  the  iron  bath  rises  and  falls 
several  inches  at  intervals,  as,  for  example,  when  the  iron  is 
collected  inside  the  cupola  instead  of  in  the  ladle. 
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Feise  ^"  gives  the  following  table  of  tests  made  on  gray  cast- 
irons  : 

TransTerse 
Strength.  Deflection. 

Without  titanium 1,230  kg/qcm.  0.046  mkg. 

Plus  0.25  per  cent  of  Ti 1,660  kg/qcin.a  0.066  mkg. 

Plus  0.50  per  cent,  o!  Ti 1,410  kg/qcm.  0.053  mkg. 

Plus  1.00  per  cent,  of  Ti 1,340  kg/qcm.  0.066  mkg. 

*  Equivalent  to  35  per  cent  increase  in  strength. 

These  results  corroborate  the  observations  of  others :  that  the 
maximum  effect  on  strength  appears  to  be  obtained  with  about 
0.10  per  cent,  of  titanium. 

The  most  unsatisfactory  results  I  have  found  were  published 
by  Treuheit/^  and  report  an  elaborate  series  of  tests  on  cast- 
iron  treated  with  ferro-titanium  thermit  and  ferro-titanium 
alloy,  respectively.  The  temperatures  were  measured  by  a 
pyrometer,  and  the  resulting  metal  was  tested  by  both  tensile 
and  transverse  methods.  In  some  cases  the  treated  metal  was 
weaker  than  that  which  had  not  been  treated,  and  sometimes 
a  little  stronger,  but  never  enough  different  to  indicate  anything 
especially  interesting.  In  examining  the  record  of  this  work, 
one  does  not  have  to  look  far  to  find  a  reason  for  the  unsatis- 
factory result.  The  temperatures  at  which  the  iron  was  cast 
were  widely  variant,  sometimes  being  above  1,300°  C.  (2,372° 
F.),  which  is  shown  by  the  work  of  Longmuir  to  be  detrimental 
to  quality.  One  might  also  infer  from  the  author's  words  that 
he  did  not  allow  the  metal  to  stand  long  enough  after  adding 
the  titanium,  so  that  the  latter  could  exert  its  cleansing  influ- 
ence ;  at  best,  his  record  is  not  clear  on  this  point  Three 
minutes  should  be  allowed  the  titanium  to  act  upon  cast-iron 
before  it  is  teemed,  and  more  if  the  alloy  is  not  then  absorbed, 
as  indicated  by  the  pasty  state  of  what  remains.  If  the  iron 
has  not  heat  enough  to  permit  this  3-min.  wait,  then  it  should 
have  been  produced  in  hotter  condition  in  the  first  instance ; 
but,  in  any  event,  if  it  cannot  be  held  3  min.,  and  still  poured 
at  the  correct  teeming-temperature,  one  must  not  blame  the 
lack  of  success  on  the  treatment,  but  on  the  manner  in  which 
the  treatment  is  performed.  I  have  failed  in  test  after  test 
because  the  metal  had  to  be  carried  some  distance  from  the 
cupola  before  it  could  be  treated,  or  because  it  was  at  about  the 
correct  pouring-temperature  before  the  3-min.  wait,  and,  there- 
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fore,  too  cold  thereafter.  If  the  titanium  treatment  is  advan- 
tageous to  cast-iron,  it  must  also  be  advantageous  to  perform 
the  treatment  properly. 

When  titanium  unites  with  the  oxygen  or  nitrogen  in  iron 
or  steel,  there  is,  unquestionably,  an  evolution  of  heat,  which 
opposes  the  cooling  of  the  bath  during  the  wait.  Fitzgerald  ^^ 
showed  that  the  temperature  of  a  bath  of  cast>iron  increased 
25°  F.  during  its  treatment  with  1  per  cent  of  titanium  in 
the  form  of  ferro-titanium,  but  that  this  lasted  only  1  min., 
and  then  the  temperature  slowly  fell  again.  The  original 
temperature  of  the  metal  must  be  hot  enough  to  endure  this 
drop  and  still  be  at  the  correct  point 

Another  mistake  made  by  Trueheit,  when  treating  this  iron 
with  ferro-titanium  alloy,  was  in  heating  the  alloy  red-hot  in 
the  ladle  before  tapping  the  iron  therein.  This  heating  has 
the  effect  of  oxidizing  the  alloy  and  reducing,  or,  maybe,  nulli- 
fying, its  cleansing  effect;  the  practice  was  once  recommended 
by  the  manufacturers  of  the  alloy,  but  is  now  abandoned. 
Furthermore,  the  alloy  should  not  be  placed  in  the  bottom  of 
a  ladle,  because  its  infusibility  causes  it  to  become  pasty  and 
stick  to  the  lining  without  dissolving  in  the  bath.  It  should 
be  thrown  into  the  ladle  after  there  is  a  layer  of  iron  upon 
which  it  can  float,  and  then  the  in-pouring  stream  of  metal  will 
stir  it  well  and  assist  its  absorbtion. 

If  Trueheit's  experiments  were  the  only  ones  to  guide  us,  or 
if  they  were  confirmed  by  other  results  skillfully  obtained,  then 
we  might  doubt  the  value  of  titanium  to  cast-iron,  but  the  many 
favorable  researches  quoted  herewith  would  make  us  question 
Trueheit's  conclusions,  even  if  we  could  not  point  out  very 
definitely  the  cause  of  his  ill-success. 

C.  H.  Gale,^^  one  of  the  most  experienced  American  malle- 
able cast-iron  manufacturers,  reported,  in  1911,  the  results  of 
many  tests  made  on  the  treatment  of  malleable  cast-iron  with 
ferro-titanium  alloy.  In  his  first  test.  Gale  added,  first  1.25 
and  then  2.50  per  cent,  of  the  alloy  in  the  ladle,  with  the  con- 
sequence that  the  iron  was  teemed  much  too  cold,  and,  also,  it 
proved  to  be  mottled,  instead  of  having  the  usual,  and  desired, 
white  fracture.  Both  of  these  conditions  would,  of  course, 
decrease  the  strength  of  the  metal ; '  nevertheless,  the  treated 
bars  in  one  set  averaged  slightly  stronger  than  those  untreated. 
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In  another  set  they  were  about  19  per  cent,  weaker  in  tensile 
test.  The  transverse  tests  of  the  treated  metal  proved  it  to  be 
from  5  to  30  per  cent,  stronger  than  the  untreated  metal. 
Nevertheless,  the  result  indicated  that  such  a  ladle  treatment 
of  malleable  cast-iron  did  not  promise  much  success  unless  the 
silicon  were  reduced  so  as  to  prevent  mottled-iron  being  pro- 
duced, since  titanium  causes  a  precipitation  of  graphite,  and 
unless  the  metal  were  increased  in  temperature  so  as  to  wait 
during  the  time  of  treatment  and  still  be  at  a  good  heat  for 
pouring.  (I  may  say  here  that  a  test  which  I  made  on  malle- 
able cas1>iron  fully  corroborates  this  conclusion.) 

Gale  then  made  a  series  of  tests,  adding  the  alloy  in  the  furnace 
from  30  to  45  min.  before  tapping,  but  it  scarcely  seems  likely 
that  this  would  have  as  marked  a  result  as  if  the  alloy  had  been 
put  in  the  furnace  as  soon  before  tapping  as  practicable,  be- 
cause titanium  oxidizes  so  quickly  that  its  effect  would  be  lost 
in  a  comparatively  short  time.  However,  the  transverse  tests 
show  an  improvement  on  the  average  of  15  per  cent,  in  the  bars 
treated  with  0.30  per  cent,  of  the  alloy,  and  17  per  cent,  in  the 
bars  treated  with  0.60  per  cent.  The  tensile  tests  were  not  so 
favorable — 12  per  cent,  and  ^  per  cent,  respectively — ^but  Gale 
cautions  us  against  taking  the  tensile  tests  too  seriously,  be- 
cause the  bars  were  round  in  section  and  may  not  have 
been  sound.  In  the  discussioQ  of  those  results,  W.  D.  Alex- 
ander gave  the  report  of  a  long  series  of  tests  made  by  him 
upon  the  treatment  of  malleable  cast-iron  with  the  usual  ferro- 
titanium  alloy — i,  «.,  that  containing  from  10  to  15  per  cent, 
of  titanium — in  proportions  from  0.47  to  1.75  per  cent.  He 
added  the  alloy  in  the  hand-ladle  caught  from  the  furnace,  and 
thus  there  was  a  great  cooling  of  the  metal,  especially  when 
using  the  larger  amounts  of  alloy.  The  ductility  of  the  metal 
was  then  tested,  after  annealing,  by  upsetting  bars  with  a  10-lb. 
sledge.  The  metal  treated  with  0.47  per  cent,  of  alloy  showed  an 
increase  in  ductility  by  this  test  of  105.3  per  cent. ;  that  treated 
with  0.75  per  cent,  of  alloy  improved  65.7  per  cent. ;  that  with 
1  per  cent,  of  alloy  decreased  10.5  percent.;  that  with  1.25  per 
cent,  of  alloy  decreased  69.1  per  cent. ;  that  with  1.50  per  cent, 
of  alloy  decreased  59.4  per  cent.;  and  that  with  17.5  per  cent, 
of  alloy  decreased  128.2  per  cent.  Evidently  the  best  result 
would  be  obtained  with  0.47  per  cent,  of  alloy  or  less,  unless 
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eome  meaoB  coald  be  had  of  heating  the  metal  hotter  before 
the  treatment. 

In  1911,  Qeiger"^  published  his  book  on  iron-  and  steel- 
foundry  practice,  in  which  he  devotes  two  sections  to  the  effect 
of  titanium  on  the  ferrous  metals.  Finally,  he  reports  a  series 
of  tests  on  iron  with  titanium  in  proportions  of  0.04,  0.07,  and 
0.10  per  cent.,  equivalent  to  0.40,  0.70,  and  1.00  per  cent,  of 
the  usual  ferro-titanium  alloy,  respectively.  The  respective  im- 
provements in  tensile  strength  were  12, 24,  and  26  per  cent. ;  of 
transverse  strength,  6,  9,  and  10  per  cent. ;  and  of  deflection  in 
transverse  test,  9,  11,  and  6  per  cent. 

Thomas  D.  West,^^^  by  adding  12  oz.  of  the  usual  ferro-titan- 
ium alloy  to  a  ladle  of  cast-iron  containing  225  lb.,  obtained  an 
increase  of  27  per  cent  in  the  transverse  strength,  as  an  average 
of  five  tests ;  by  adding  22  oz.  of  ferro-titanium  alloy  to  225  lb. 
of  iron,  he  obtained  an  increase  in  transverse  strength  of  32  per 
cent.,  as  an  average  of  five  tests. 

Osann  ^*^p-  ^^*  reports  on  the  improvement  in  the  compres- 
sive strength  of  cast-iron  for  car-wheels;  in  one  case  an  in- 
crease of  18  per  cent,  was  obtained  by  treatment  with  titanium, 
and,  in  another  case,  of  75  per  cent. 

In  my  own  tests,  which  included  both  white  and  gray  cast- 
iron,  the  iron  was  melted  in  a  cupola  (except  for  one  test  on  mal- 
leable cast-iron,  referred  to  just  above),  and  cast  into  round 
bars  18  in.  long  and  from  1  to  1.3  in.  in  diameter.  They  were 
tested  transversely  on  supports  12  in.  apart,  according  to  the 
standard  testing-specifications  of  the  American  Society  for  Test- 
ing Materials  and  the  American  Foundrymen's  Association. 
The  figures  reported  below  indicate  moduli  of  rupture  in  pounds 
per  square  inch.  During  the  research,  I  made  several  errors 
in  operation,  due  to  ignorance  of  the  conditions  which  should 
have  prevailed,  but  the  reports  of  these  improperly-performed 
tests  are  here  given  with  the  others,  because,  if  they  teach 
nothing  useful,  they  at  least  emphasize  the  need  of  performing 
the  titanium  treatment  correctly.  The  treatment  was  made 
with  the  usual  ferro-titanium  alloy  containing  from  10  to  15 
per  cent,  of  titanium,  and  the  additions  are  recorded  in  per- 
centages of  alloy  added,  instead  of  percentages  of  titanium. 

Considering  first  some  of  the  incorrectly-performed  tests,  I 
made  two  tests  charging  the  alloy  with  the  iron  of  the  bed  of 
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the  cupola,  hoping  that  the  deoxidizing  effect  of  the  titanium 
would  overcome  the  oxidizing  effect  of  the  blast.  This  hope 
was  not  realized,  as  will  be  seen  below : 

Test  No.  1  {Cupola  Bed). 

Iron  without  titaniuin  (average  of  4  tests) 42,175  lb. 

Iron  with  0.50  p.  c.  of  alloy  on  bed  (average  of  4  tests),  40,493  lb.,  decrease  of  4  p.c. 

This  failure  of  the  titanium- treated  iron  to  exceed  in  strength 
that  not  treated  is  the  more  significant  because  the  same  iron 
showed  an  increase  of  6  per  cent,  in  strength  when  0.5  per  cent, 
of  alloy  was  added  to  the  ladle,  although  it  had  to  be  carried 
some  distance  in  the  foundry  before  pouring,  and  was  therefore 
too  cold  after  the  treatment.  The  untreated  iron  was  not  bed- 
iron,  and  this  difference  is  important. 

Test  No.  2  {Cupola  Bed). 

Iron  without  titanium  (average  of  4  tests) 41,520  lb. 

Iron  with  0. 40  p.  c.  of  alloy  on  bed  (average  of  4  tests) ,  40,610  lb. ,  decrease  of  2  p.c. 

In  spite  of  the  apparent  decrease  in  the  treated  metal,  the 
titanium  is  shown  to  have  been  beneficial,  because,  normally, 
bed-iron  would  have  been  from  20  to  30  per  cent,  weaker  than 
the  other.  This  same  iron  gave  an  increase  in  strength  of  16 
per  cent,  when  treated  with  0.5  per  cent,  of  alloy  in  the  ladle,  and 
of  9  per  cent,  when  treated  with  2  per  cent,  of  alloy  in  the 
ladle. 

I  tried  the  experiment  of  adding  the  alloy  in  a  cupola  from 
which  the  slag  was  not  drained  continuously.  The  results 
were  irregular  and  inconclusive,  as  shown  below : 

lests  Nos.  8,  4,  5,  and  6  ( Wasted  in  Cupola  Slag), 

Iron  without  titanium  (average,  4  tests) 42,378  lb. 

Iron  with  0.5  p.  c  of  alloy  (average,  4  tests)....35,775  lb.,  decrease  of  15  p.c. 

Iron  without  titanium  (average,  6  tests) 48,5171b. 

Iron  with  0.5  p.  c.  of  alloy  (average,  6  tests .54,830  lb.,  increase  of  13  p.c. 

Iron  without  titanium  (average,  8  tests) 44,893  lb. 

Iron  with  0.5  p.  c  of  alloy  (average,  8  tests) 42,856  lb.,  decrease  of  5  p.c. 

Iron  without  titanium  (average,  2  tests) 55,280  lb. 

Iron  with  0.5  p.  c.  of  alloy  (average,  2  tests) 52,570  lb.,  decrease  of  5  p.c. 

Several  tests  were  made  on  iron  which  had  to  be  carried 
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some  distance  while  molten,  and  which  [before  treatment  was 
at  a  good  temperature  for  teeming,  but  cooled  too  far  during 
the  3-min.  wait  so  that  it  was  too  cold  after  treatment  At 
first  the  treatment  was  performed  in  a  ladle  holding  about  225 
lb.  in  which  the  loss  of  heat  by  radiation  was  very  large.  The 
results  were : 

Test  No.  7  (Iron  Too  Cold). 

Iron  containing:  Si,  2  ;  S,  0.075  ;  P,  0.73  ;  Mn,  0.57  per  cent 

Iron  without  titanium  (average  2  tests) 55,280  lb. 

Iron  with  0.5  p.  c.  of  ^loy  in  ladle  (average  2  tests)... 50, 100,  decrease  10 p.c. 

Test  No.  8  (Iron  loo  Gold). 

Iron  containing :  Si,  1.25  ;  S,  0.040  ;  P,  0.20  ;  Mn,  0.70  per  cent 

Iron  without  titanium  (average,  3  tests) 49,730  lb. 

Iron  with  0. 25  p.c  of  alloy  in  ladle  (average,  48), test  44,680  lb.,  decrease  10  p.c. 
Iron  with  0.5  p.  c.  of  alloy  in  ladle  (average,  2  tests),  46,000  lb.,  decrease  8  p.c 

Iron  with  1  p.  c.  of  alloy  in  ladle  (1  test  only) 54,3001b.,  increase  9  p.c. 

Iron  with  2  p.  c.  of  alloy  in  ladle  (1  test  only) 47,850  lb.,  decrease  4  p.c. 

If  the  metal  had  been  poured  as  cold  as  this,  and  had  not 
been  treated,  the  decrease  in  strength  would  have  been  fully  25 
or  30  per  cent,  (see  Longmuir,  ante). 

After  this  the  iron  was  treated  in  a  1-ton  ladle,  in  order  to 
reduce  radiation  of  heat,  but  still  the  metal  was  cool  after  the 
3-min.  wait,  and  the  results  were  only  partly  satisfactory. 

lest  No.  9  {Iron  Coot). 

Iron  containing  Si,  1.50  ;  P,  0.75  per  cent. 

Iron  without  titanium  (average,  6  tests) 48,517  lb. 

Iron  with  0.5  p.c.  of  alloy  in  ladle  (average,  6  tests)  49,2801b.,  increase  2  p.c. 

lest  No.  10  {Iron  Cool). 

Iron  containing  Si,  1.30  ;   P,  0.37  per  cent. 

Iron  without  titanium  (average,  8  tests) 44,893  lb. 

Iron  with  0.5  p.  c.  of  alloy  in  ladle  (average,^  tests),  48,419  lb.,  increase  8  p.c 

Test  No.  11  {Iron  Coot). 

Iron  containing  Si,  0.90  ;  P,  0.20  per  cent. 

Iron  without  titanium  (average,  5  tests) 42,175  lb. 

Iron  with  0.5  of  alloy  in  ladle  (average,  3  tests) 44,525  lb.,  increase  6  p.c 

Using  iron  which  could  be  treated  and  poured  out  without 
intervening  delays — except,  of  course,  the  3-min.  wait  for 
treatment — the  following  results  were  shown  : 
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lest  No.  12. 

Close-grained  gray-iron,  P  more  than  1  per  cent. 

Iron  without  titanium  (average,  4  tests) 35,810  lb. 

Iron  with  0.20  p.  c.  of  alloy  in  ladle  (average,  4  tests),  39,640  lb.,  increase  11  p.c. 
Ii'on  with  0.64  p.  c.  of  alloy  in  ladle  (average,  4  tests),  40,545  lb.,  increase  1 3  p.c. 

Had  I  thought  in  time  to  make  such  arrangements  that  both 
treated  and  untreated  iron  should  be  poured  at  exactly  the 
same  temperature,  the  test  would  have  been  still  more  repre- 
sentative. As  it  was,  the  treated  iron  was  poured  a  little  cooler 
than  the  other. 

Test  No.  13. 

Gray-Iron. 

Iron  without  titanium  (average,  4  tests) 41,520  lb. 

Iron  with  0.5  p.  c.  of  alloy  in  ladle  (average,  4  tests),  48,350  lb.,  increase  16  p.c. 
Iron  with  2  p.  c.  of  alloy  in  ladle  (average,  7  tests),  45,390  lb.,  increase  9  p.c. 

Test  No.  14. 

White-Iron. 

Iron  without  titanium  (average,  2  tests) 32,800  lb. 

Iron  with  0.5  p.  c.  of  alloy  in  ladle  (average,  2  tests),  37,450  lb.,  increase  14  p.c. 

Two  tests  were  made  by  adding  the  alloy  in  the  cupola,  the 
slag  being  continuously  drained  : 

Test  No.  15. 

White-Iron. 

Iron  without  titanium  (average,  2  tests) 32,800  lb. 

Iron  with  0.3  p.  c.  of  alloy  in  cupola  (average,  8  tests),  47,040  lb.,  increase  43  p.c. 
Iron  with  0.45  p.c.  of  alloy  in  cupola  (1  test  only).... 37, 600  lb.,  increase  12  p.c. 
Iron  with  0.60  p.  c.  of  alloy  in  cupola  (1  test  only),«  32,950  lb.,  increase  0.5  p.c. 

a  Last  charge  in  cupola ;  iron  badly  oxidized. 


Three  tests  were  then  made  on  iron  containing  between  3 
and  4  per  cent,  of  phosphorus,  with  the  following  results.  The 
iron  was  liquid  when  poured,  but  not  very  hot. 


Tests  Ms.  16,  17,  and  18. 

High-Phosphorus  Iron. 

Iron  without  titanium  (average,  3  tests) 46,583  lb. 

Iron  with  0.37  p  c.  of  alloy  in  ladle  (average,  2  tests).. 49, 900  lb.,  increase  7  p.c. 

Iron  without  titanium  (average,  2  tests) 47,6001b. 

Iron  with  0.5  p.  c.  of  alloy  in  ladle  ( 1  test  only) 54,6501b.,  increase  14  p.c. 

Iron  without  titanium 42,460  lb. 

Iron  with  1  p.c  of  alloy  in  ladle  (average,  2  tests)... 46, 385  lb.,  increase  10  p»c 
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Iron  containing  P  about  9  per  cent,  was  tested : 
lest  No,  19  (  Very  Sigh-Phosphorus  Iron). 

Iron  without  titanium  (average,  2  tests) 41,900  lb. 

Iron  with  0.6  p.c.  of  alloy  in  ladle  (average,  2  tests),  42,630  lb.,  increase  2  p.c 

The  significance  of  these  results  is  that  iron  may  be  increased 
in  strength  up  to  43  per  cent,  by  the  correct  use  of  titanium. 
However,  to  accomplish  the  best  results,  the  titanium  must  not 
only  be  in  correct  proportions,  but  the  iron  must  be  given  a 
fair  chance  by  allowing  the  titanium  a  full  opportunity  to  be- 
come thoroughly  incorporated  in  it  (not  less  than  three  minutes 
treatment),  so  that  it  is  neither  wasted  in  the  slag  nor  left  un- 
melted  in  the  ladle,  and  by  insuring  that  the  iron  is  poured 
neither  too  hot  nor  too  cold. 

Summary  of  Results. 

A  summary  of  the  results  obtained  by  different  investi- 
gators follows : 

Increased. 
TenjBile  Transverse 

Strength  Strength. 

Per  Cent.  Per  Cent. 

Rossi,  Alloy 80  to  60  20  to  25 

Schiemann,     Thermit 30  to  60 

Roflsi,  Alloy 6  to  30  17  to  23 

Goldschmidt,  Thermit 4  to  16  1  to  17 

Moldenke,      Alloy 18  (white) 

Moldenke,      Alloy 62  (gray) 

Guillier,9lB    49  (malleable  cast-iron) 

Guimer,9iB    14  to  30  (gray) 

Feiae,  Alloy 36 

Tieuheit,       Thermit  and  alloy No  important    No  important 

change.  change. 

Gale,  Alloy J  to  12  16  to  17o 

Alexander,    Alloy (Increased  ductility.^) 

Geiger,         Alloy 13  to  26  6  to  10 

West,  Alloy 27  to  32 

Stoughton,  Alloy 10  to  43a 

0'  When  treatment  was  properly  performed  ;  otherwise,  results  different  and 
variable. 

These  results  indicate  that  it  is  entirely  possible,  by  correct 
treatment  with  ferro-titanium  alloy,  to  increase  the  strength  of 
cast-iron  by  from  80  to  50  per  cent.  If  this  can  be  done  part  of 
the  time,  then  it  only  remains  to  determine  the  correct  condi- 
tions in  order  to  attain  equal  success  all  the  time.     Some  of 
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these  conditions  I  have  pointed  out  in  the  foregoing  pages,  but 
I  do  not  consider  that  the  problem  is  completely  solved  as  yet. 
What  has  been  learned  is  published  now  in  the  hope  that  it 
will  inure  to  the  benefit  of  makers  and  users  of  cast-iron. 
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Surveying  and  Sampling  Diamond- Drill  Holes. 

BY  E.   E.   WHITE,   I8HPEMINO,   MIOH. 
(develand  Meeting,  October,  1912.) 

In  August,  1911, 1  read  a  paper  before  the  Lake  Superior 
Mining  Institute^  on  surveying  and  sampling  diamond-drill 
holes.  The  present  paper  gives  a  more  thorough  description 
of  these  methods,  together  with  a  few  changes  and  notes  sug- 
gested by  further  experience.  Since  August,  1911,  the  methods, 
used  constantly  by  the  Cleveland-Cliffs  Iron  Co.,  have  been  de- 
veloped to  a  higher  degree  of  efficiency,  and  have  given  great 
satisfaction. 

Until  a  few  years  ago  but  little  attention  was  paid  to  the 
determination  of  the  actual  course  of  drill-holes,  to  the  accu- 
rate sampling  and  analysis  of  the  material,  or  to  the  scientific 
location  of  the  drill-holes.  It  has  now  been  common  practice 
for  several  years  in  many  districts  to  test  the  inclination  of  drill- 
holes by  etching  glass  tubes  with  hydrofluoric  acid,  but  the 
direction  of  deviation  from  the  vertical  has  not  often  been  deter- 
mined. Methods  of  determining  the  direction  by  means  of  a 
compass  were  first  developed  in  connection  with  drilling  in 
Victoria.  The  latest  method  used  on  the  Rand  in  South  Africa 
has  been  recently  described  by  John  I.  Hoffman.^ 

In  the  same  paper  Mr.  Hoffman  describes  an  ingenious 
method  of  wedging-off  a  drill-hole  so  as  to  start  new  holes  at 
several  successive  points.  By  this  means  a  hole  can  be  deflected 
in  any  desired  direction,  and  the  curvature  can  be  controlled  to 
a  considerable  extent,  provided  the  rock  is  soft  enough  to  per- 
mit the  hole  to  be  wedged  off.  Unfortunately,  in  the  Lake 
Superior  district,  the  jasper  iron-formation  is  so  hard  that  it  is 
very  difficult,  if  not  impossible,  to  do  this.  I  tried  to  deflect 
one  hole  so  as  to  avoid  drill-rods  stuck  in  the  hole,  by  using  a 

^  Proceedings  of  the  Lake  Superior  Mining  InetittUej  vol.  zyL,  pp.  100  to  120 
<1911). 

'  Recent  Practice  in  Diamond-Drilling  and  Borehole  Surveying,  Bulletin  No. 
■91,  Institution  of  Mining  and  Metallurgy  (Apr.  11,  1912). 
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12-ft.  wedge  of  the  hardest  steel  obtainable,  but  the  bit  cut  the 
wedge  and  hardly  touched  the  jasper.  If  there  had  been  a  dike 
of  softer  rock  higher  up  in  the  hole  I  might  have  been  able  to 
deflect  it  at  that  point.  Two  years  ago  I  described '  how  the 
curvature  of  a  diamond-drill  hole  can  be  controlled  by  other 
means,  and  gave  an  example  where  it  had  been  done  success- 
fully. Although  the  hole  in  this  instance  kept  to  the  desired 
inclination,  it  failed  to  intersect  the  ore  encountered  in  a  previous 
hole  because  the  direction  of  deviation  from  the  vertical  of  the 
previous  hole  had  not  been  determined,  although  the  amount  of 
deviation  had  been  determined  by  the  usual  hydrofluoric  acid 
tests. 

Since  1910, 1  have  experimented  with  two  methods  of  deter- 
mining the  direction  of  deviation,  one  applicable  to  non-mag- 
netic and  one  to  magnetic  rock-formations,  with  very  good 
results.  We  now  test  all  drill-holes  except  very  shallow  ones 
for  both  the  amount  and  the  direction  of  deviation,  usually  at 
200-ft.  intervals,  and  we  have  the  satisfaction  of  knowing  very 
closely  the  actual  position  of  any  ore  or  other  formation  encoun- 
tered. In  non-magnetic  rock-formations  the  old  method  of  a 
compass  suspended  in  gelatine  is  successfully  used,  with  im- 
provements worked  out  by  George  Maas  and  me,  and  patented 
by  Mr.  Maas  (Patent  No.  1,003,624,  Sept.  19,  1911).  In  mag- 
netic formations  a  method  of  marking  the  drill-rods  is  used  in 
connection  with  hydrofluoric  acid  tests.  This  method  was,  to 
the  best  of  my  knowledge,  first  applied  by  John  Deacon, 
Superintendent  of  the  Republic  Iron  &  Steel  Co.'s  properties  at 
Negaunee,  Mich.,  who  used  it  several  years  ago  in  testing  dia- 
mond-drill holes  at  the  Cambria  mine.  I  found  that  with  great 
care  good  results  can  be  obtained  by  this  method,  but  it  is  more 
diflBcult  and  expensive  than  the  compass  method.  It  is  the 
only  one  I  know  of  that  is  practicable  in  magnetic  formations 
where  the  direction  of  strike  underground  is  unknown.  If  the 
strike  were  known  it  would  be  easy  to  take  an  impression  of 
the  bottom  of  the  hole  with  a  piece  of  lead  and  determine  the 
direction  of  deviation  by  comparing  the  direction  shown  by  an 
acid  etching  with  the  strike  shown  by  the  piece  of  core  broken 
from  the  bottom  just  before  making  the  test,  when  made  to  coin- 

'  Er^ineering  and  Mining  Journal^  vol.  zc,  No.  12,  pp.  546,  547   (Sept.   17, 
1910). 
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cide  with  the  impression  in  the  lead.    Jean  Florin  *  describes  a 
similar  method,  using  a  compass  and  camera  instead  of  the  acid^ 

Surveying  in  Non-Magnetic  Formations. 
Figs.  1  and  2  show  the  cases  used  to  test  for  inclination  and 
course,  using  the  latter  when  more  than  one  test  is  to  be  made 
at  one  time,  since  it  may  be  inserted  at  any  point  in  the  drill- 


Vu^ 


Bevel  tlieue  Joints 

V  Thread  U jwrlr.ch  enmf-  ua  'K'  roils^^ 

^>II  I  Mac li*  li  ed,  O  oo.  J  ll  wl  ^t  Jol  at  _  j  n  ■  .      ^ 


m^-^ 


r^4T-it 


kBcrrtil  this  tkuiie 
as  **E*'  cDijipllnfir 


Rogtilar 
•*E?' thread 


Round  tliese  lh1|J<»      \J    RcffUliir  *'E*' 

CLINOMETER  BARREL  ^       't":^'*^ 


Phosphor  Broaze 


between  faces 


COUPLING 
Soft  steel 


^iVi    RegjJUir"A?coi»-Shellttiread 


Fig.  1. 


vTUroad  JJ  per  Irrcb 
Weir  TnncbluetL  CHwkI  tight  Joint 


Bevel  these  Joints 


-IW- 


S 


l'icCTe^lr  Inf^uir  tlifeada , 


^  ^>^'M 


-911^ 


1 
*  Eound  those  eUgea  ^^oifutar  '^E 

thread 
Fig.  2. 
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rods  at  the  same  time  that  the  first  case  is  used  at  the  end  of 
the  rods.  As  it  is  desired  to  use  as  large  a  glass  tube  in  the 
case  as  possible,  and  as  the  outside  diameter  is  limited  by  the 
size  of  an  E  hole,  a  material  was  selected  which  combined  the 
greatest  possible  toughness  and  tensile  strength  with  non-mag- 

*  Annales  des  Mines  de  Bdgique^  summarized  in  Engineering  and  Mining  Journal^ 
vol.  Ixxxvii.,  No.  17,  p.  854  (Apr.  24,  1909). 
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netic  properties.    Phosphor-bronze  was  chosen,  which  is  entirely 

non-magnetic,  and  which  can  be  obtained  with  a  tensile  strength 

of  60,000  lb.  and  an  elastic  limit  of  54,000  lb.  per  sq.  in.  By  using 

a  case  of  the  dimensions  given  in  Pig.  1,  a  glass  tube  1|^  in.  in 

outside  diameter  can  be  used,  and  according  to  Nystrom's  formula 

4Tt* 
for  the  collapsing-strength  of  small  tubes,  P  =  ,, , using  a 

factor  of  safety  of  4,  this  case  should  be  safe  in  a  hole  2,800  ft. 
below  water-level.  A  little  wicking  is  used  to  make  a  perfectly 
tight  joint. 


Fig.  8. — Maas's  Patent  Dbill-Hole  Compass  in  Tubes,  Ready  to 

Make  Test. 

The  compass  invented  by  Mr.  Maas,  shown  in  Fig.  8,  has  the 
advantage  over  the  old  forms  of  compass  used  for  this  purpose 
that  it  is  pivoted  in  a  cage  which  prevents  it  from  coming  in  con- 
tact with  the  glass  tube,  and  insures  a  free  swing  in  the  gelatine. 
The  cage  is  below  and  rigidly  attached  to  a  cork  float. 

The  most  accurate  and  satisfactory  method  of  testing  the 
course  of  a  hole  is  to  use  the  compass  in  a  glass  tube  about  6  in. 
long,  open  at  each  end.  A  section  of  rubber  stopple  is  forced 
into  the  tube,  leaving  about  1.5  in.  space  for  acid  at  one  end, 
and  4  in.  space  for  gelatine  at  the  other.  The  gelatine  may  be 
prepared  beforehand,  but  usually  a  small  weighed  portion  of 
dry  gelatine  is  carried  to  the  drill  and  dissolved  on  the  ground 
in  a  given  quantity  of  water,  care  being  taken  that  the  water 
has  no  chance  to  evaporate  while  dissolving  the  gelatine.    The 
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proportions  are  so  chosen  that  when  dissolved  the  solution  will 
keep  liquid  as  long  as  possible  after  being  lowered  in  the  drill- 
hole, and  yet  will  become  perfectly  solid  when  cold.  For  in- 
stance, with  Nelson's  Improved  Brilliant  Gelatine  we  use  ^  g. 
and  dissolve  it  in  50  cc.  of  water.  In  a  hole  where  the  rods 
<5an  be  lowered  in  20  min.  or  less,  a  IJ-in.  tube  is  used  with 
paper  wrapping.  When  it  takes  from  20  to  80  min.  to  lower 
the  rods,  a  1-in.  tube  is  used  with  several  wrappings  of  paper. 
If  deeper  than  this,  a  thermos  bottle  is  used,  and  by  wrapping 
with  paper  the  gelatine  may  thus  be  kept  liquid  50  min.  The 
time  the  gelatine  remains  liquid  was  determined  by  tests  in 
water  cooled  by  ice  to  48°  F.,  the  approximate  temperature  of 
the  underground  water  in  the  Lake  Superior  district. 

In  the  first  two  cases,  when  the  thermos  bottle  is  not  neces- 
sary, the  dissolved  gelatine  is  poured  into  the  tube,  which  is 
then  heated  by  immersing  in  water  heated  to  boiling  by  live 
steam.  When  hot,  the  compass  is  dropped  in  and  a  stopple  is 
placed  in  that  end ;  then  about  1  in.  of  dilute  hydrofluoric  acid 
is  poured  into  the  other  end  and  that  end  closed.  The  tube  is 
then  wrapped  in  paper  and  placed  with  gelatine  end  up  in  the 
bronze  case,  which  is  attached  to  the  bottom  of  20  ft.  of 
brass  E  rods  and  lowered  into  the  hole,  losing  as  little  time  as 
possible.  The  brass  rods  are  screwed  to  the  bottom  of  the  reg- 
ular drill-rods,  using  an  A  to  E  reducing-coupling  if  the  hole  is 
being  drilled  with  A  rods.  The  bronze  case  and  brass  rods  are 
made  for  an  E  hole,  so  that  they  can  be  used  in  either  case.  If 
two  tests  are  to  be  made  at  the  same  time,  another  tube  and 
compass  are  placed  in  the  case  shown  in  Fig.  2  and  inserted 
in  the  drill-rods  at  the  proper  point,  using  20  ft.  of  brass  rods 
on  each  side. 

The  tube  is  left  stationary  in  the  hole  50  min.  after  the  rods 
are  lowered,  giving  the  gelatine  time  to  cool  and  set,  and  the 
acid  time  to  etch  a  good  line.  Acid  diluted  with  12  parts  of 
water  gives  the  best  results.  This  solution  is  prepared  in  the 
oflice  and  carried  to  the  drill  in  hard-rubber  bottles,  which  are 
much  more  convenient  than  the  paraffin  bottles  in  which  the 
acid  is  usually  furnished. 

When  the  tube  is  brought  to  the  surface,  the  positions  of  the 
north  and  south  points  of  the  needle  are  marked  on  the  glass 
with  a  diamond  point  and  the  tube  is  washed  out.     This  tube 
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then  forms  a  permanent  record  of  the  inclination  and  course 
of  the  hole  at  the  depth  at  which  the  test  was  made. 

The  thermos  bottle,  1|^  in.  in  outside  diameter,  consists  of 
two  clear  glass  walls,  with  a  vacuum  between,  shown  in  Fig.  4. 
When  it  is  necessary  to  use  this,  both  the  hot  gelatine  and  the 
compass  are  placed  in  the  bottle,  which  is  then  closed  by  a  rubber 
stopple.  The  stopple  also  closes  one  end  of  a  1  J-in.  tube  3  in. 
long,  serving  to  connect  the  bottle  and  tube  and  preserve  them 
in  the  same  relative  position  shown  in  Pig,  4.  Dilute  acid  is 
placed  in  the  tube,  the  other  end  closed,  and  the  tube  and 
bottle  placed  in  the  bronze  case  and  lowered  into  the  drill-hole. 
It  only  takes  the  gelatine  90  min.  to  solidify  in  the  thermos 
bottle,  so  that  if  it  takes  40  min.  or  more  to  lower  the  rods,  the 
test  is  usually  left  in  the  hole  50  min.  after  the  rods  reach  the 
bottom,  just  long  enough  to  get  a  good  etching.  It  may  be  left 
in  the  hole  over  night,  but  in  that  case  the  acid  should  be  more 


TUBE 
Open  at  each  end 

Fig.  4.— Thermos  Bottle. 

dilute.  When  the  tube  is  brought  to  the  surface,  the  north  and 
south  points  are  marked  on  it,  corresponding  to  the  position  of 
the  compass-needle  in  the  thermos  bottle.  The  3-in.  tube  then 
forms  a  permanent  record  of  course  and  inclination,  just  as  the 
6-in.  tube  does. 

In  either  case  the  inclination  is  read  in  a  goniometer  and  is 
corrected  for  capillarity  according  to  a  curve  which  is  prepared 
for  each  size  of  tube  by  testing  tubes  at  known  angles.  Pig.  5 
shows  a  curve  for  l|-in.  tubes.  It  will  be  noted  that  for  these 
tubes  the  correction  is  only  3.75°  at  45°,  which  is  the  maximum. 
The  angle  can  be  read  to  0.5°,  and  I  feel  certain  that  the  results 
of  tests  for  inclination  can  be  relied  upon  to  within  1°. 

To  determine  the  course  of  the  hole,  the  tube  is  placed  in  a 
special  two-circle  goniometer.  Pig.  6,  with  both  circles  set  at  0°, 
so  that  the  tube  is  vertical,  and  the  vertical  circle  parallel  to  the 
crosspiece  over  the  top  of  the  instrument.  If  the  inclination  of 
the  hole  is  steep,  the  tube  is  twisted  until  the  etching  shows  the 

[6] 
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dip  to  be  either  directly  towards  or  away  from  the  eye ;  that  is, 
until  the  cross-thread  bisects  the  ellipse  etched  on  the  glass. 
If  the  inclination  is  shallow,  it  is  more  accurate  to  twist  the  tube 
so  that  the  dip  is  to  the  right  or  left  of  the  observer  and  in  the 
plane  of  the  vertical  circle.  The  vertical  circle,  holding  the 
^lass  tube,  is  then  turned  until  the  north  and  south  marks  on 
the  tube  are  in  line  with  the  cross-piece,  when  a  pointer  on  the 


10^ 


Fio.  5. 


20 


30'  40^  50''  60' 

ANGLE  ETCHED  ON  TUBES 


80' 


-Curve  op  Correction  for  Capillarity  in  Testing 
Inclination  of  Drill-Holes. 


horizontal  circle  reads  the  course  of  the  drill-hole.  Pig.  8 
ehows  tubes  with  acid,  gelatine,  compass,  and  north  and  south 
points  marked,  just  as  they  are  taken  from  the  drill-hole. 

We  have  found  the  method  described  above  very  successful, 
And  two  tests  at  the  same  point  almost  always  agree  to  within 
a  few  degrees.  When  this  is  not  the  case,  more  tests  are  made, 
And  so  far  we  have  always  been  able  to  ascertain  which  are 
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wrong.  We  have  made  tests  at  a  depth  of  2,000  ft.,  but  it  would 
probably  be  difficult  to  go  much  deeper  without  using  more 
insulating  wrapping  around  the  thermos  bottle  than  is  possible 
with  the  bottle  and  case  now  used. 

The  precautions  to  be  taken  are :  1,  that  the  compass  swings 
perfectly  freely,  and  does  not  catch  on  the  cage ;  2,  that  the 
gelatine  keeps  liquid  long  enough ;   3,  that  the  compass  is  not 


Fig.  6. — Two-Circle  Goniometer  to  Measure  Inclination  and 
Direction  of  Drill-Holes. 

used  when  there  is  much  local  magnetic  attraction  in  the  rock- 
formation  ;  and  4,  that  the  compass  is  not  affected  by  the  steel 
drill-rods  or  casing,  or  by  other  iron  in  the  hole.  The  first 
and  second  precautions  are  easily  taken;  the  third  can  be 
judged  only  by  a  knowledge  of  the  formation  and  by  taking 
tests  at  different  depths,  which,  if  concordant,  would  indicate 
that  there  is  no  appreciable  magnetic  attraction.    The  fourth  pre- 

[8] 
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caution  is  important.  We  use  two  10-ft.  lengths  of  brass  rods, 
and  so  have  no  iron  within  20  ft.  of  the  compass.  Tests  with 
10,  20,  30,  and  40  ft.  of  brass  rods  at  the  same  depth  gave  the 
same  reading  in  a  hole  dipping  50°  N.  45°  E.,  so  that  a  length 
of  20  ft.  is  conservative.  The  results  of  a  second  test  with 
shorter  lengths  of  brass  rods  at  another  point  gave : 


Length  of 

Brass  Rods. 

Feet. 

1 

Inclina- 
tion. 
Degrees. 

62 

Apparent     Length  of 
Ck)urse.     Brass  Rods. 
Degrees.          Feet. 

N.    6  E.          7 

Inclina- 
tion. 
Degrees. 

62 

Apparent 
Course. 
Degrees. 

N.  41  E. 

2 

N.  21  E.         8 

N.23  E. 

3 

N.  39  E.        10 

N.48  E. 

4 

N.  36  E.        12 

N.  50  E. 

5 

N.  42  E.        20 

N.47  E. 

6 

N.  42  E. 

These  data  show  that  the  true  course  is  between  N.  47°  E, 
and  N.  50°  E.,  and  that  20  ft.  of  brass  rods  is  conservative.  It 
is  impossible  to  obtain  results  accurate  to  closer  than  2°  or  8°, 
because  of  the  small  size  of  compass  necessary  and  the  personal 
error  in  marking  the  glass  tube  and  reading  the  goniometer. 

Surveying  in  Magnetic  Formations. 

When  the  rock-formation  is  known  to  be  magnetic,  or  when 
several  tests  with  the  compass  do  not  agree,  there  seems  to  be 
no  way  of  determining  the  course  of  a  hole  but  by  lowering  the 
rods  in  such  a  way  that  the  test-tube  can  be  oriented  at  any 
point  in  the  hole.  We  have  done  this  by  the  method  used  by 
Mr.  Deacon.  The  rods  are  first  screwed  together  in  one  or  two 
long  lines  on  the  surface,  just  as  they  will  be  lowered  into  the 
hole,  with  a  bronze  case  at  the  end,  and  at  intermediate  points 
in  the  rods  if  desired,  all  the  joints  being  made  as  tight  as  usual. 
Great  care  is  necessary  that  no  twist  be  left  in  the  rods  when 
screwing  them  together  on  the  ground.  This  trouble  is  not 
experienced  when  there  is  snow,  as  the  rods  slip  easily,  and  no 
torsion  is  introduced.  When  the  ground  is  bare,  difficulty  may 
be  avoided  by  placing  level  planks  at  short  intervals  for  the  line 
of  rods  to  rest  upon,  and  to  prevent  their  touching  the  ground 
at  any  point.  A  straight  stretch  of  railroad-track,  with  ties 
exposed,  is  very  convenient  for  this  purpose.  If  not  more  than 
500  ft.  long,  the  rods  will  turn  on  grass  without  leaving  any 
twist  in  them. 

[9] 
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When  all  connected,  each  joint,  including  the  bronze  case,  is 
marked  with  a  chisel,  so  that  it  can  be  screwed  up  again  to 
exactly  the  same  place.  The  joints  are  marked  exactly  on  top 
as  they  lie  on  the  ground,  so  that  when  the  rods  are  in  the  hole 
the  marks  will  point  in  the  same  direction.  The  rods  are  then 
broken  into  20-ft.  lengths,  convenient  for  handling,  being  care- 
ful to  keep  one  wrench  on  the  couplings  so  as  not  to  disturb 
any  joints  not  to  be  broken. 

Dilute  hydrofluoric  acid  is  poured  into  a  glass  tube,  the  tube 
marked  with  a  diamond,  and  placed  in  the  bronze  case  so  that 
the  mark  on  the  tube  corresponds  with  that  on  the  case.  A 
convenient  way  of  doing  this  is  to  cut  a  mark  across  the  top  of 
the  stopple,  set  this  to  agree  with  the  mark  on  the  tube,  and 
then  place  the  tube  in  the  case  so  that  the  mark  on  the  stop- 
ple agrees  with  that  on  the  case.  The  tube  is  then  lowered 
into  the  hole,  being  careful  exactly  to  match  the  marks  at  every 
joint,  and  again  keeping  the  wrench  on  the  couplings.  The 
mark  on  the  last  rod  is  placed  directly  in  front  of  the  drill  and 
this  direction  determined,  which  is  the  direction  of  the  mark 
on  the  glass  tube.  The  tube  is  left  stationary  at  the  bottom  of 
the  hole  for  about  50  min.  when  acid  diluted  12  to  1  is  used, 
and  then  withdrawn  and  washed.  To  determine  the  course  of 
the  hole,  another  mark,  exactly  opposite,  is  made  on  the  tube, 
and  the  course  is  found  by  using  the  goniometer  as  described 
in  connection  with  the  gelatine  test 

This  method,  of  course,  gives  accurate  results  only  when  the 
rods  turn  easily  in  the  hole,  so  that  there  is  no  twist  in  them 
after  they  are  lowered,  which  is  usually  the  case  except  in  very 
deep  holes,  or  in  holes  where  the  inclination  is  low,  or  where 
the  curvature  is  excessive.  In  these  latter  cases,  unless  the  hole 
is  rifled,  the  twist  may  probably  be  removed  after  the  rods  are 
in  the  hole  by  raising  and  lowering  them  several  feet  a  few 
times.  Precaution  should  be  taken  that  the  tube  cannot  turn 
in  the  bronze  case,  by  forcing  it  in  with  a  little  waste  alongside. 
On  withdrawing  the  test  it  is  well  to  examine  each  joint  in  the 
rods  as  they  come  out  of  the  hole  to  see  that  none  have  moved 
while  lowering  or  hoisting,  and  to  be  sure  that  the  tube  has 
not  moved  in  the  case. 

This  method  requires  great  care  and  patience,  but  is  capable 
of  very  good  results.     My  experience  has  been  that  it  cannot 
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Bafely  be  left  to  aesistants,  whereas  the  compass  method  will 
give  good  results  in  the  hands  of  any  ordinarily  careful  and 
intelligent  assistant,  or  even  in  the  hands  of  the  drillmen. 

I  have  tested  the  same  drill-hole  by  both  methods  and  found 
the  results  to  agree  very  closely.  In  one  case  the  first  tests  in  an 
old  hole,  by  compass,  did  not  agree  very  well  because  of  casing 
left  in  the  hole.  Two  or  three  tests  were  taken  at  each  point, 
however,  and  the  averages  gave  a  smooth  curve  for  the  drill- 
hole. Later  tests  were  made  with  marked  rods,  and  the  results 
agreed  so  well  with  the  average  of  the  compass-readings  tliat 
when  the  two  were  plotted  there  was  a  difference  of  only  12  ft. 
at  the  bottom  of  the  hole,  although  it  was  1,697  ft.  below  and 
262  ft.  horizontally  from  the  collar.  The  averages  given  below 
show  that  the  hole  described  a  spiral  of  considerable  curvature. 
These  results  would  have  agreed  even  better  if  the  compass  had 
not  been  considerably  affected  by  iron  casing  in  the  hole. 

Course. 


^?4^: 

Inclination. 
Degrees. 

By  Compass. 
Decrees. 

By  Marked  Roc 
Degrees. 

100 

89 

N.  73  E. 

N.  85  E. 

300 

87.75 

S.    42  E. 

8.    36  E. 

500 

86 

S.    24  E. 

S.      2  E. 

700 

86.5 

S.    38  W. 

S.    30  W. 

900 

85 

8.    25  W. 

S.    47  W. 

1,100 

79 

S.    51  W. 

S.    62  W. 

1,300 

71.5 

S.    77  W. 

S.    81  W. 

1,500 

65.75 

N.  85  W. 

N.  86  W. 

1,700 

64 

S.   77  W. 

No  test. 

Deflections  of  Drill-Holes. 

J.  S.  Curtis  *  gives  an  interesting  theory  of  the  cause  of  bore- 
hole deflections,  with  results  of  experiments  Avhich  he  made  to 
substantiate  his  theory.  He  endeavors  to  show  that  the  influ- 
ence of  terrestrial  magnetism  should  cause  vertical  drill-holes 
to  deviate  to  the  north  in  the  southern  hemisphere,  and  affirms 
that  this  is  the  case  in  the  great  majority  of  holes,  although  the 
direction  may  be  changed  by  the  character  of  the  country-rock. 

In  our  experience  the  latter  feature  is  much  the  more  impor- 
tant, and  from  results  of  our  drilling  I  would  not  say  that  the 
great  majority  of  drill-holes  deviate  either  north  or  south  in  all 

*  South  African  Mining  Journal,  vol.  viii.,  part  1,  No.  379,  p.  425  (June  11, 
1910),  and  Journal  of  the  South  African  Institute  of  Mining  Engineers,  vol.  ix.,  No.  8, 
pp.  199  to  206  (Mar.,  1911). 
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districts.  If  the  strata  are  flat  and  uniform  the  holes  may  do 
so,  but  if  the  strata  dip  deeply  this  is  not  the  case.  In  one  dis- 
trict, where  the  dip  is  steep,  we  are  certain  of  the  course  of  14 
holes  which  deviated  from  the  vertical.  Of  these  holes,  one 
went  approximately  north,  one  approximately  south,  one  KE., 
five  NW.,  one  SE.,  and  five  SW.  Putting  it  in  another  way, 
seven  deviated  to  the  north  and  seven  to  the  south,  while  two 
deviated  to  the  east  and  ten  to  the  west.  If  these  results  show 
anything,  they  only  show  that  the  majority  of  the  holes  deviated 
to  the  west,  but  equally  to  the  NW.  and  SW. 


Fig.  7.-~Plak  of  12  Drfll-Holes  in  Lake  Superior  District. 

Fig.  7  shows  a  plan  of  holes  which  deviated  considerably 
from  the  vertical.  These  holes  were  drilled  on  several  ranges 
in  the  Lake  Superior  district.  It  will  be  seen  that  there  is  no 
general  course  that  can  be  predicted. 

It  is  very  difficult  to  keep  vertical  diamond-drill  holes  straight, 
and  I  believe  that  a  hole  can  be  located  with  more  assurance 
of  striking  a  certain  point  in  depth  if  it  is  given  an  inclination 
of  85°  against  a  steeply-dipping  formation  than  if  it  is  started 
in  a  vertical  position.  We  have  drilled  only  two  holes  with 
this  inclination,  the  results  being: 


[12] 
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Depth.  No.  1.  No.  2. 

Feet.  Degrees.  Degrees, 

At  surface.  85  85.5 

At  ledge.  86  86.5 

200  86 

400  85  87.75 

500  87.5  

600  87 

800  88.5 

1,200  85.5 

These  two  holes  are  not  enough  for  a  generalization,  but  they 
kept  straighter  than  vertical  holes  in  the  same  district.  In 
addition,  we  knew  in  what  general  direction  the  holes  would 
deviate,  which  we  do  not  know  when  we  start  a  vertical  hole. 
In  1910*  I  gave  a  series  of  curves  showing  the  curvature  to 
be  expected  in  an  inclined  hole  when  dipping  against  a  steep 
jasper  formation.  I  would  change  the  curve  for  a  hole  started 
at  85°,  since,  under  these  conditions,  that  angle  seems  to  be  a 
critical  one,  and  the  hole  does  not  flatten  as  would  be  expected. 

In  view  of  the  sometimes  surprising  curvature  of  drill-holes, 
I  feel  that  all  holes  should  be  tested  both  for  course  and  for 
inclination  at  100-  or  200-ft.  intervals,  whether  started  vertical 
or  at  an  angle,  otherwise  there  is  no  certainty  as  to  the  exact 
place  at  which  the  ore  or  other  strata  is  actually  cut.  We 
recently  started  a  vertical  hole  which,  at  a  depth  of  800  ft,  was 
found  to  have  an  inclination  of  only  61°  from  the  horizontal. 
Another  hole,  started  at  an  angle  N".  54°  W.,  was  found  to  be 
running  N".  64°  E.  at  the  bottom.  A  third  hole,  started  verti- 
cal, deviated  377  ft.  in  a  total  depth  of  1,290  ft.,  and  was  only 
47°  from  the  horizontal  at  the  bottom. 

Daily  Reports, 
Fig.  8  shows  a  report  form  filled  out  by  the  drillmen  every 
shift  for  the  drill-foreman  and  the  head  office,  and  Pig.  9  a 
sample-tag  which  is  placed  in  every  bag  of  core  or  sludge. 
The  record  of  time  of  drilling  and  footage  of  each  diamond-bit 
is  kept,  to  obtain  data  on  the  several  stones  in  the  bit  with  the 
idea  of  determining  which  are  the  most  economical.  These 
tests  have  shown  that  the  wearing  quality  of  the  stone  depends 
considerably  upon  the  specific  gravity  and  upon  the  structure. 

•  Engineering  and  Mining  Joumalf  vol.  xc.,  No.  12,  pp.  546,  547  (Sept.   17, 
1910). 
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THE  CLEVELAND-CLIFFS  IRON  COMPANY, 
Ishpeming,  Michigan. 
Record  op  Diamond  Drilling. 
Shift.  191... 




Where  Working  : 

Section : 

Hole  ] 

No. 

Total  depth  of  hole  per  last  report, 
Moving  and  setting  up,        -        -        - 
Drove                   inch  stand  pipe,    - 

Feet     Core  Saved 

Hours 

Drilled  with  chopping  bit,    - 

Drilled  with  diamonds,            _        -        - 

- 





Reamed   from to 

Lowered               inch  casing  to 

ft 

ft 

Total  Depth  of  Hole, 

Kind  of  Material  : 

1 

1 

Bit  No 

Feet           Size 



Hours 

Bit  No.                               .    .  .    -        - 

Bit  No                                    .          -        - 

- 

Number  of  Men  : 

1                ' 

1 

Remarks: 



Report  delays,  accidents,  etc. 

Runner. 

Helper. 

Setter. 

Foreman.. 

Fio.  8. — Report  Form  for  Record  of  'Diamond-Drilling. 
(Original  size,  5  by  8.5  in.) 
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District 

Sec Hole  No. 

Depth, 


Fig.  9.— Form  op  Tag  for  Sampi^es. 
(Origiual  size,  2.5  by  8.6  In.) 


Although  it  is  important  to  have  the  drillmen  report  the 
amount  of  core  saved  from  each  material,  yet  they  rarely  meas- 
ure it  accurately,  and  if  the  analyses  of  core  and  sludge  are  to 
be  combined,  as  described  below,  the  core  is  remeasured  when 
it  reaches  the  office. 

Samples  from  DrilUHoles, 
The  following  directions  for  saving  samples  are  posted  in  the 
drill-shanties  and  enforced  by  the  inspector : 

Directions  for  Saving  Sludge  from  Diamond-Drill  Holes, 

Set  the  standard  sludge  box  just  below  the  floor  of  the  shanty  and  in  such  posi- 
tion that  there  is  room  to  siphon  off  the  water  and  take  out  the  sample  without 
moving  the  box.  Connect  a  tee  to  the  top  of  the  standpipe  or  casing  and 
lead  a  pipe  from  it  to  the  nearer  end  of  the  sludge  box,  at  such  a  height  that  it 
will  either  be  level  or  slant  towards  the  sludge  box  and  just  rest  upon  the  top  of 
the  box,  and  of  such  a  length  that  it  will  not  project  more  than  one  inch  beyond 
the  edge  of  the  box.  The  pipe  must  not  be  more  than  two  feet  long,  and  if  longer 
than  one  foot  must  be  split  on  top  for  the  foot  nearest  the  sludge  box,  so  that  if 
sludge  collects  in  the  pipe  it  may  be  seen.  Set  the  box  level,  so  that  water  will 
overflow  evenly  across  the  whole  width  at  the  far  end,  and  wedge  the  partition 
firmly,  so  that  it  is  in  close  contact  with  the  bottom  of  the  box.  The  top  of  the 
partition  should  be  one  inch  below  the  water  level.  The  box  is  now  ready  to 
receive  the  sample,  and  drilling  may  be  started. 

While  drilling,  care  must  be  taken  that  no  water  from  the  drill-hole  escapes 
around  or  over  the  tee  except  through  the  pipe  leading  to  the  sludge  box.  Care 
must  also  be  taken  that  there  is  no  leak  from  the  box  and  that  the  three-inch  plug 
at  the  end  of  the  box  is  tight.  Sludge  samples  must  be  taken  for  every  five  feet 
drilled,  or  leas,  preferably  from  even  five-foot  intervals ;  that  is,  from  460  to  465, 
465  to  470,  470  to  476,  etc 

Whenever  a  sludge  sample  is  to  be  taken,  drilling  must  be  stopped  and  the  hole 
washed  out  clean.  The  pipe  leading  to  the  sludge  box  must  be  cleaned  out  into 
the  sludge  box,  and  either  the  pump  must  then  be  stopped  or  the  tee  turned  so 
that  the  water  will  not  be  discharged  into  the  box.  Carefully  remove  the  partition 
in  the  box,  so  as  not  to  stir  up  the  sludge  any  more  than  necessary,  and  when  the 
sludge  is  settled,  siphon  off  the  surplus  water,  being  careful  to  keep  the  end  of 
the  siphon  near  the  surface  of  the  water,  and  not  disturb  or  draw  off  any  of  the 
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fine  sludge  at  the  bottom  of  the  box.  To  use  the  siphon,  fill  with  water  a  three- 
foot  length  of  large  size  flexible  hose,  and  with  one  hand  on  each  end  place  one 
end  beneath  the  surface  of  the  water  in  the  box  and  the  other  end  on  the  groand 
eight  inches  or  more  below  the  top  of  the  box.  When  both  ends  of  the  hose  are 
released  the  water  will  flow  out  of  the  box,  and  may  be  allowed  to  flow  until  it  is 
seen  that  the  sludge  is  beginning  to  go  off  with  the  water.  Then  remove  the  hoae 
and  thoroughly  mix  the  sludge  in  the  box  to  a  mud.  This  must  all  be  removed 
from  the  box  and  placed  in  a  pan  on  the  boiler  to  dry.  The  pan  must  be  at  least 
8  in.  by  12  in.  by  1  in.  deep,  with  flat  bottom,  and  must  be  thoroughly  cleaned 
each  time  before  a  sample  is  put  in  it  to  dry.  If  enough  water  cannot  be  drawn 
off  without  disturbing  the  sludge  so  that  the  sample  can  be  contained  in  this  pan,  • 
a  larger  pan  must  be  used.  All  the  sludge  must  be  saved  and  the  sludge  box 
cleaned  thoroughly.  When  the  sludge  has  been  cleaned  out,  remove  the  three- 
inch  plug  at  the  end  of  the  box,  and  wash  out  the  box  with  a  pail  or  two  of  water, 
then  replace  the  plug  and  partition,  and  drilliog  may  be  started  again.  The 
sludge  must  be  labeled,  giving  the  depths  between  which  the  sample  was  taken, 
when  it  is  placed  on  the  boiler  to  dry.  It  must  all  be  saved  and  turned  over  to 
the  inspector.  Sludge  must  always  be  saved  when  drilling  in  iron  formation  or  in 
any  other  ferruginous  or  red  material.  While  drilling  in  material  from  which  a 
sludge  sample  should  be  saved,  if  the  water  is  lost,  if  the  sludge  does  not  come  up 
with  the  water,  or  if  the  sludge  is  contaminated  with  material  caving  from  higher 
up  in  the  hole,  drilling  must  be  stopped  immediately  until  the  hole  is  put  in  such 
condition  that  good  sludge  samples  can  again  be  obtained,  or  until  the  inspector 
gives  orders  that  drilling  may  proceed. 

Whenever  the  drill  runs  into  or  out  of  ore,  provided  the  band  of  ore  or  rock  is 
one  foot  or  more  thick,  drilling  must  be  stopped,  and  the  sludge  box  cleaned  out 
immediately,  without  waiting  to  complete  the  five-foot  run.  When  the  drill  runs 
out  of  ore  continue  taking  and  saving  sludge  samples  for  at  least  twenty  feet,  no 
matter  what  the  materia],  so  that  it  may  be  determined  whether  the  ore  is  caving. 

Keep  the  core  separate  from  the  sludge,  and  each  time  core  is  pulled,  label  it 
with  the  depths  between  which  it  was  recovered.  Each  run  of  core  must  be  kept 
separate,  and  all  core  must  be  saved  and  turned  over  to  the  inspector.  When  the 
core  is  pulled,  if  it  is  found  that  more  core  is  saved  than  the  proportion  of  one  foot 
of  core  to  ten  feet  of  drillings  the  sludge  box  must  be  cleaned  without  waiting  to 
complete  the  five-foot  run,  and  the  sludge  labeled  and  saved  separately.  If  sludge 
from  a  shorter  distance  than  five  feet  is  in  the  box  at  the  end  of  the  shift's  work, 
and'  if  less  than  the  above  proportion  of  core  is  saved,  the  sludge  may  be  left  in 
the  box,  provided  the  shanty  is  locked  and  the  box  is  inaccessible  from  outside 
the  shanty.  If  anybody  can  get  at  the  box,  however,  and  if  there  is  no  watchman, 
the  sludge  must  be  removed  from  the  box,  dried,  labeled,  and  placed  with  the 
other  samples. 

The  standard  sludge-box  is  shown  in  Fig.  10. 

When  the  samples  reach  the  office  they  are  carefully  exam- 
ined, and  a  daily  report  of  all  drilling  made  out  on  the  form 
shown  in  Fig.  11.  Samples  of  all  core  and  of  all  sludge  which 
runs  above  40  per  cent,  of  iron  are  preserved  in  special  cabinets 
in  a  fire-proof  room.  A  few  pieces  of  core  are  saved  from  each 
run,  and  the  rest  sent  to  the  laboratory  for  analysis  if  the  ore- 
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formation  has  been  cut,  otherwise  it  is  thrown  away.  A  little 
of  each  sludge-sample  is  placed  in  a  small  pasteboard  tray, 
with  a  temporary  label,  10  ft.  to  a  tray,  until  the  analysis  is 
completed.  Each  10  ft.  of  sludge-sample  which  exceeds  40  per 
cent,  of  iron  is  then  placed  in  a  gelatine  case  3  in.  long  by  1  in. 
in  diameter,  and  preserved  in  the  same  drawer  with  the  core. 
Gummed  paper  labels  are  used  for  both  core  and  sludge. 
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LONGITUDINAL  SECTION 
Fig.  10.— Cleveland-Cliffs  Iron  Co.  Standard  Sludge-Box. 


THE  CLEVELAND-CLIFFS  IRON  CO. 


Daily  Report  of  Diamond  Drills. 
Ishpeming,  Mich., 


191 


Section     i  Hole  No. 

Date 

Drufed    Total  Depth.        Material 

Remarks 

1 

! 

I 

Fig.  11— Form  for  Daily  Report  of  Diamond-Drills. 
(Original  size.  8.5  by  11  in.) 
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Combination  of  Core-  and  Sludge- Analyses. 

When  enough  core  is  saved  to  make  it  worth  while,  and 
when  the  analyses  of  the  core  or  sludge  exceed  46  per  cent,  of 
iron,  the  results  are  combined  according  to  a  formula  which 
gives  proper  weight  to  each,  derived  as  follows : 

Let  A  =  diameter  of  bit  outside  of  carbon,  in  inches. 
B  •=  diameter  of  bit  inside  of  carbon,  in  inches. 
C  =  feet  of  core  saved  in  **  D  "  feet  drilled. 
I)  =  feet  drilled. 

tIS  =  volume  of  rock  actually  ground  to  sludge,  in  cubic  inches. 
T  =  volume  of  rock  actually  saved  as  core,  in  cubic  inches. 

andr=12C^j?' 

4 

Hence^  _  D(A^-B')  +  {D-C)B'  _  DA^      . 
T  ~~  CB*  CB* 


Dimensions  of  Bits. 

Inside  of  Carbon. 

Outside  of  Carbon 

Standard  A  bit 

lin. 

1  U  in- 

Standard  E  bit     , 

IJin. 

1  ,\  in. 

_.        S  1.813*2)  ,  Qon     ^  , 

Hence  for  an  A  bit,  -^r  =  — q 1=^.-^-    —  1 

.      S        1.663*i)      ^       o  Ao  ^ 
and  for  an  E  bit,  -^r  =  o  3441(7  ~^=  ^'^^ ~C   ~ 

To  obtain  an  average  of  the  sludge-  and  core-analyses,  giving 

the  proper  weight  to  each,  the  sludge-analysis  should  evidently 

be  multiplied  by  aS",  and  the  core-analysis  by  ST,  and  the  sum  of 

the  products  divided  by  fi^  +  T.     The  result  is  the  same  and 

S 
the  operation  simpler  to  multiply  the  sludge  by-  and  the  core 

S 
by  1,  and  divide  by  —    +  1 ;  hence,  the  rule  for  an  A  bit  is  to 

D 

multiply  the  sludge-analysis  by  3.3  —   —  1,  add  the  core-anal- 

D 
ysis,  and  divide  the  sum  by  3.3  -  . 
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Only  iron  is  run  on  the  5-ft.  sampleB,  with  phosphorus  if  they 
contain  more  than  40  per  cent,  of  iron,  and  manganese  if  ex- 
ceeding 1  or  2  per  cent.  Occasionally,  several  of  the  5-ft.  sam- 
ples are  combined,  and  a  complete  analysis  made  for  iron, 
phosphorus,  silica,  lime,  magnesia,  alumina,  manganese,  sul- 
phur, titanium,  and  loss  by  ignition. 

After  combining  the  core-  and  sludge-analyses,  the  results 
are  further  averaged  in  continuous  runs  of  ore  of  the  same 
grade.  We  call  from  45  to  50  per  cent,  of  iron  "  lean  ore,"  50 
to  57  per  cent.  "  second-class  ore,"  and  more  than  57  per  cent. 
"  first-class  ore." 

Representation  of  BesuLts. 

As  soon  as  possible  after  the  first  of  the  month,  the  record 
of  material  drilled  during  the  previous  month  is  compiled  from 
daily  reports  and  averaged  analyses.  This  result  is  carefully 
checked  with  the  core  and  then  recorded  permanently  in  the 
drill-book,  which  has  loose  leaves,  with  pages  of  the  form  shown 
in  Figs.  12  and  18.  The  reports  of  the  drillmen  and  analyses 
of  samples  are  copied  in  this  book  daily,  and  it  forms  the  com- 
plete and  permanent  record  of  drilling.  From  this  book  tracings 
are  plotted  from  which  blue-prints  are  made.  Figs.  14  and  15 
show  the  printed  forms  on  tracing-cloth  used  for  this  purpose. 
The  tracings  are  14  by  16  in.  in  size,  the  same  as  that  of  the 
loose-leaf  sheets  in  the  drill-book,  and  are  bound  in  covers  of 
the  same  size. 

Cross-Sections  of  Drilling. 

For  the  scientific  location  of  drill-holes,  cross-sections  must 
be  made  through  outcrops  and  previous  drill-holes,  preferably 
at  right  angles  to  the  strike  of  the  formation,  showing  the 
holes  plotted  according  to  the  surveys  for  inclination  and  course, 
and  showing  the  material  encountered.  We  make  these  on 
cross-section  tracing-cloth  ruled  in  inches  and  tenths,  on  a  scale 
of  50  ft.  to  1  in.  The  sections  may  be  superposed  and  com- 
pared, and  the  cross-section  ruling  makes  it  easy  to  read  dis- 
tances and  areas  without  a  scale.  On  these  tracings  the  geo- 
logical boundaries  of  formations  and  the  outlines  of  ore-bodies 
are  drawn  in  soft  pencil,  which  prints  satisfactorily,  but  may 
easily  be  erased  and  changed  if  further  drilling  shows  the  first 
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aesumptions  to  be  wrong.  When  necessary,  longitudinal  sec- 
tions are  made,  which,  in  connection  with  a  plan  and  cross- 
sections,  give  a  very  good  idea  of  the  structure  of  the  deposit 

THE  CLEVELAND-CLIFFS  IRON  CO. 
Record  of  Diamond  Drilling. 


Sta^e 


R. 


Sec, Hole  No, ^Location: 


District    1 
Mine       j 
Dip: Course: Drilled  bifvchom      with,. 


Date 


No.     I 
I  Hours 


Core 
Recovered 


Ft. 


In. 


Stand 
Pipe 


Drilled 


Total    I  Kind  of    Begins 
Depth  !   Material        at 

V 


Dip  of 

Strata 


Remarks 


Fig.  12. — Loose-Leaf  Page  for  Records  of  Diamond-Drilling. 
(Original  size,  14  by  16  in.) 


District 
Mine 
Option 
Lease 


THE  CLEVELAND-CLIFFS  IRON  CO. 
Analysis  of  Cuttings  and  Core. 
State         T.         IL         Sec. Hole  No,  Location: 

Determined  by 1^1    ..     Elevation  of  Collar 


From     To     Iron  Phob. 


Fig.  13.— Loose-Leaf  Page  for  Record  of  Analyses. 
(Original  size,  14  by  16  in.) 
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THE  CLEVELAND-CLIFFS  IRON  CO. 

EXPLOBATION. 


Section Township North  Range,   West 

□  Test  Pits.  ®  Diamond  Drill  Holes  showing  Lean  Ore.     45-50jc. 

O  Stand  Pipes.  Q  Diamond  Drill  Holes  showing  second  class  Ore.  50-57?^. 

©  Diamond  Drill  Holes.  #Diamond  Drill  Holes  showing  Ore.     Above  blU. 

Scale  r^=600^ 


Fig.  14. — Loose-Leap  Tracing-Cloth  Form  for  Plan  op  Explorations. 
Original  size,  14  by  16  in.) 
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THE  CLEVELAND^LIFFS  IRON  00. 
. ExpiiORATioN  Diamond  Drill  Holes. 


Section Township North  Bange West 

Scale  l^'  =  50^ 


Fig.  15.— Loosb-Lkaf  Tracing-Cloth  Form  for  Sections  op  Drill-Holk. 
(Original  size,  14  by  16  in.) 
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The  Manufacture  of  Coke. 

BY  WILLIAM  BUTTON  BLAUVELT,   STRAGUSE,    N.    Y. 

(Cleveland  Meeting,  October,  1912.) 

CoKB  is  the  product  of  dry  distillation  of  bituminous  coal,  by 
which  the  volatile  matter  is  driven  off,  producing  a  hard  body 
of  cellular  structure.  Not  all  bituminous  coals  will  coke,  and 
there  has  been  much  discussion  regarding  the  substance  which 
is  present  in  coking-coals  to  distinguish  them  from  dry  coals. 
Professor  Lewes  says  that  the  bituminous  matter  in  coal  is 
largely  derived  from  the  spores  of  fossil  mosses.  Resins  are 
present  in  all  soft  coals,  and  contribute  largely  to  the  cementing 
of  the  coke.  The  resinates  and  hydrocarbons  begin  to  distil 
out  at  moderate  temperatures  and  leave  the  pitchy  residual, 
which  at  500°  C.  forms  a  mass  already  well  caked  together,  if 
the  proportion  of  humus  residual  is  not  too  great.  This  coke 
is  soft,  but  if  the  heat  be  raised  to  1,000°  C.  the  pitch  decom- 
poses further,  leaving  carbon,  and  Professor  Lewes  is  convinced 
that  the  coking  bond  is  due  to  these  liquid  products  which 
distil  off,  leaving  pitch,  which  then  carbonizes  and  binds  the 
mass  into  coke. 

i  Professor  Parr  concludes  that  the  structures  of  the  organic 
compounds  of  the  coal  which  furnish  the  cementing-material 
for  coke,  and  which  are  apparently  attacked  by  oxygen,  have 
not  been  determined  and  seem  to  vary  somewhat  in  different 
types  of  coal.  However,  they  yield,  on  oxidation,  humic  acids 
of  varying  composition  which  decompose  into  powdery  residues. 
Because  of  the  complex  nature  of  these  substances  and  the  diffi- 
culty experienced  in  isolating  and  identifying  them,  the  theory 
of  coking  is  still  an  open  problem  and  the  explanations  advanced 
are  largely  hypothetical. 

In  the  coking  process  the  volatile  matter  driven  off  in  the 
oven  consists  mainly  of  tar,  ammonia,  and  gas,  familiarly 
known  as  by-products.  Both  the  quality  and  quantity  of  coke 
and  by-products  vary  greatly  with  the  composition  of  the  coal. 
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In  America,  coals  similar  to  those  of  the  Pocahontas  region, 
containing  as  low  as  16  per  cent,  or  less  of  volatile  matter, 
stand  at  one  end  of  the  list.  In  Europe,  some  coals  are  coked 
which  contain  not  more  than  13  per  cent,  of  volatile  matter. 
These  produce  the  maximum  yield  of  coke  and  the  minimum 
yield  of  by-products.  At  the  other  end  of  the  list  are  the 
gas-coals,  containing  as  much  as  38  or  40  per  cent,  of  vola- 
tile matter,  and  yielding  correspondingly  small  amounts  of 
coke.  The  development  of  the  best  cell  structure  is  of  the 
highest  importance  in  the  production  of  metallurgical  coke. 
A  well-developed  cellular  structure  presents  a  large  surface 
to  oxidation  by  air,  producing  rapid  combustion,  while  the 
strong  cell-wall  prevents  crushing  and  maintains  an  open  fuel- 
bed.  A  soft  thick  cell- wall  is  objectionable  in  blastrfurnace 
coke,  since  it  permits  the  oxidizing  action  of  00^  gases  in  the 
upper  part  of  the  furnace,  by  which  the  coke  is  wasted  and  the 
furnace-top  temperature  is  increased.  In  foundry-work  it  is 
more  desirable  to  have  a  coke  with  a  softer  cell-wall,  smaller 
cell  space,  and  a  strong,  tough  structure.  This  permits  the  air 
to  burn  the  coke  immediately  to  carbon  dioxide,  with  produc- 
tion of  the  highest  temperature  in  the  melting-zone  of  the 
cupola ;  and  the  weight  of  the  charge  is  easily  supported.  Thus 
present  practice  seems  to  indicate  that  somewhat  different  treat- 
ments are  required  for  producing  furnace-  and  foundry-coke. 

Coals  high  in  oxygen  are  usually  deficient  in  coking-qualities, 
and  either  will  not  coke  at  all,  or  produce  a  coke  of  weak,  fri- 
able structure.  But  many  coals,  as  will  be  shown  later,  which 
yield  poor  coke  under  ordinary  conditions,  may,  by  proper 
treatment,  be  made  to  produce  good  metallurgical  coke.  Coal 
when  stored  absorbs  oxygen,  sometimes  with  serious  effect  on 
its  coking-qualities.  The  chief  reason  for  this  appears  to  be 
the  effect  of  the  oxygen  on  the  resinates,  which  Professor  Lewes 
says  are  thereby  converted  into  humus. 

The  history  of  coke  making  has  been  discussed  at  length  in 
the  technical  publications,  by  me  ^  and  others,  and  any  reference 
to  it  here  would  be  unnecessary  repetition.  The  same  state- 
ment applies  to  the  earlier  forms  of  bee-hive  and  by-product 
ovens,  and  the  development  from  these  earlier  forms  to  modern 


1  Mineral  Industry,  vol.  iv.,  p.  215  (1895). 
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types.  The  term  by-product  oven  is  commonly  applied  in  this 
country  to  the  retort  oven,  although,  of  course,  the  by-products 
may  or  may  not  be  recovered  from  the  gases  from  retort  ovens, 
depending  upon  market  conditions.  All  the  retort  oven-plants 
in  the  United  States  have  .by-product  recovery-apparatus.  In 
this  paper,  the  term  by-product  oven  will  often  be  employed, 
as  being  a  more  familiar  term,  in  referring  to  the  retort  oven. 

For  many  years  the  bee-hive  oven  was  the  standard  for  coke 
making,  and  has  remained  the  standard  in  England  and  America 
long  after  its  practical  disappearance  from  continental  Europe. 
There  are  several  reasons  for  this.  In  England,  the  Durham 
coal,  and  in  America,  the  Connellsville  coal,  are  remarkably 
well-suited  to  the  conditions  of  the  bee-hive  oven,  so  that  the 
best  quality  of  coke  could  be  produced  without  difficulty,  and 
with  relatively  good  economy.  In  America,  the  bee-hive  oven 
had  certain  economic  advantages.  It  is  quickly  built,  and  at 
relatively  low  cost,  and  the  labor  required  for  operation  is  of 
low  grade.  It  can  be  put  out  of  run  at  relatively  small  loss 
during  periods  of  industrial  depression,  and  can  be  started  up 
again  with  ease  after  a  shutdown.  These  qualities  adapted  it 
to  the  fluctuating  and  changing  conditions  which  for  many 
years  surrounded  our  iron  industry.  But  the  iron  industry  has 
become  more  stable;  and  moreover,  the  coals  best  adapted 
to  the  bee-hive  oven  are  growing  scarcer,  especially  with  the 
exhaustion  of  the  Connellsville  field.  The  U.  S.  Geological 
Survey  reports  that  in  1911  the  total  coke  production  in  the 
United  States  showed  a  decrease  of  about  15  per  cent,  while  the 
output  of  by-product  coke  increased  10  per  cent.  Compared 
with  five  years  ago  the  following  are  the  figures  of  production : 

By-Product.  Bee-Hive. 

1907 5,607,899        35,171,665 

1911 7,847,845        27,207,517 

This  shows  an  increase  in  by-product  coke  of  40  per  cent., 
and  a  decrease  in  bee-hive  coke  of  22  per  cent.,  so  that  in  1911 
the  tonnage  of  by-product  coke  was  28  per  cent,  of  the  bee-hive 
tonnage.  By-product  planta  now  under  construction  and  in 
contemplation  will  greatly  increase  the  present  output.  In 
England  the  relative  growth  of  the  by-product  oven  has  been 
even  more  rapid  during  the  last  few  years. 
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The  generic  differences  between  the  structure  of  the  bee-hive 
and  by-product  or  retort  oven  need  not  be  again  described 
here.  It  is  sufficient  to  say  that  the  bee-hive  process  consists 
essentially  in  the  heating  of  the  coal  with  controlled  admission 
of  air  to  the  coking-chamber,  so  that  the  heat  necessary  for  the 
distillation  of  the  volatile  matter  is  produced  by  combustion 
within  the  oven-chamber.  In  the  by-product  oven  the  process 
is  a  true  dry  distillation.  No  air  is  admitted  to  the  chamber, 
and  the  heat  necessary  for  the  distillation  is  supplied  through 
the  chamber  walls. 

The  bee-hive  oven  has  been  carried  to  its  highest  perfection 
in  this  country ;  drawing-  and  loading-apparatus  hae  been  ap- 
plied to  it,  to  reduce  the  arduous  labor  of  the  old  hand-method ; 
and  modifications  of  the  original  bee-hive  shape  have  been  suc- 
cessfully introduced,  which  add  materially  to  the  economy  of 
operation,  while  maintaining  the  principles  of  carbonization 
as  employed  in  the  standard  bee-hive. 

The  bee-hive  oven  is  usually  located  at  the  coal-mine,  and 
the  coal  is  in  very  many  cases  charged  direct  to  the  oven  with- 
out weighing,  so  that  it  is  difficult  to  ascertain  the  exact  yield 
of  the  oven ;  but  except  when  coals  are  used  which  are  espe- 
cially adapted  to  the  bee-hive  process,  the  coke  yields  are  con- 
siderably below  the  theoretical,  and,  of  course,  all  the  by- 
products are  wasted.  These  facts,  except  in  unusual  cases, 
make  it  impracticable  to  locate  bee-hive  ovens  away  from  the 
mines.  On  the  other  hand,  the  by-product  oven  is  usually,  in 
this  country  at  least,  located  at  the  point  of  consumption  of  the 
coke,  or  at  some  center  of  distribution.  This  freedom  of  locar 
tion  of  the  by-product  oven  has  a  number  of  advantages. 
Although  it  entails  freight  charges  on  from  1.2  to  1.4  tons  of 
coal  for  every  ton  of  coke  produced,  yet  coal  usually  carries  a 
lower  rate  than  coke,  and  is  more  easily  transported,  not  re- 
quiring special  cars  and  not  being  injured  by  handling.  In 
some  cases  it  can  be  shipped  by  water,  with  material  saving 
in  freights,  and  with  proper  care  it  can  be  stored  at  the  plant 
in  almost  any  quantity  without  material  deterioration.  This 
permits  a  blast-furnace  plant,  having  its  own  coke-ovens  at  the 
furnace,  to  possess  an  assured  supply  of  coke,  independent  of 
weather  or  shipping-conditions.  It  is  quite  common  for  by- 
product oven-plants  to  accumulate  a  stock  of  from  one  to  eight 
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months*  supply  of  coal.  The  by-products  produced  are  much 
nearer  their  market,  and  the  gas  is  often  available  for  indus- 
trial uses  or  for  municipal  lighting.  The  plant  is  nearer  a  sup- 
ply of  diversified  labor,  which  is  an  advantage  in  the  more 
varied  processes  of  by-product  oven-operation.  An  important 
advantage  of  locating  the  oven-plant  at  the  point  of  consump- 
tion is,  that  it  permits  a  convenient  assembling  of  several  kinds 
of  coal  at  the  ovens.  This  mixture  of  coajs  is  often  a  great 
advantage,  since  it  permits  the  best  quality  of  coke  to  be  pro- 
duced, when  the  coke  made  from  any  one  of  the  coals  alone 
might  be  of  inferior  quality,  or  perhaps  not  at  all  adapted  to 
the  market  requirements. 

There  has  been  much  discussion  regarding  the  relative  cost 
of  bee-hive  and  by-product  oven-plants.  It  is  difficult  to  make 
an  exact  comparison,  since  the  functions  of  the  two  types  are 
quite  different.  For  example,  in  many  cases  the  cost  of  a  by- 
product oven-plant  includes  a  large  expenditure  for  coal-storage 
of  several  hundred  thousand  tons,  in  order  to  take  advantage 
of  water  freight-rates.  On  the  other  hand,  bee-hive  plants  are 
often  built  in  connection  with  coal-mining  plants  and  utilize  a 
share  of  power-plant,  water  supply,  etc.,  without  having  these 
necessary  adjuncts  included  in  their  capital  account.  Careful 
inquiry  into  the  actual  cost  of  bee-hive  oven-plants  shows  that 
to  build  such  a  plant  complete  in  every  respect,  and  in  the  best 
manner,  including  all  the  equipment  besides  the  ovens  and 
their  immediate  appurtenances,  such  as  electric  power-plant, 
water-supply,  railroad-approaches  and  sidings,  coal-handling, 
etc.,  would  require  an  expenditure  of  about  J950  per  oven. 
The  TI.  S.  Geological  Survey  report  for  1911  gives  the  tonnage 
of  coke  produced  per  active  bee-hive  oven  at  466  tons  per 
annum.  This  figure  is  doubtless  low  for  the  best  bee-hive 
ovens;  675  to  700  tons  per  annum  will  perhaps  represent 
fairly  the  average  output  per  oven  of  a  modern  bee-hive  plant. 
An  average  of  these  figures  gives  a  plant-cost  of  $1.38  per  ton 
of  coke  produced  per  annum.  A  by-product  oven-plant  of, 
say,  80  ovens,  complete  in  every  respect,  and  built  in  the  best 
manner,  would  produce,  say,  425,000  tons  of  coke  per  annum 
from  an  average  coal,  and  would  cost,  say,  $1,100,000.  Of 
course,  this  figure  would  be  varied  by  local  conditions.  This 
is  equal  to  $2.58  per  ton  of  coke  per  annum.     On  the  basis  of 
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these  figures  a  by-product  plant  costs  86  per  cent,  more  than  a 
bee -hive  plant. 

The  owner  of  a  small  acreage  of  coking-coal  might  perhaps 
well  hesitate  before  making  the  larger  investment,  as  compared 
with  a  simple  plant  of  bee-hive  ovens,  but,  as  a  general  propo- 
sition, there  hardly  seems  to  be  a  question  as  to  which  style  of 
oven  is  the  better  investment.  Much  of  the  additional  cost  of  the 
by-product  plant  per  unit  of  coke  produced  is,  of  course,  due  to 
the  installation  of  the  apparatus  and  buildings  for  the  recovery 
and  treatment  of  the  by-products.  Other  important  items  are 
provisions  for  coal-  and  coke-storage,  thereby  assuring  uniform- 
ity of  operation  and  greater  ability  to  maintain  uniform  deliv- 
eries. Moreover,  a  by-product  plant  is  built  for  a  longer  life 
than  a  bee-hive  plant.  Eight  years  may  perhaps  be  considered 
as  a  satisfactory  life  for  a  bee-hive  oven-plant,  while  double  this 
term,  or  16  years,  would  be  several  years  within  the  life  of  a 
well-built  by-product  plant. 

Market  conditions  have  not  been  such  in  this  country  as  to 
justify  construction  of  retort  oven-plants  without  the  recovery 
of  by-products,  but  we  may  assume  a  non-recovery  oven-plant 
built  for  operation  in  the  Pocahontas  region,  for  example.  The 
yield  of  coke  from  Pocahontas  coal  averages  certainly  not  more 
than  60  per  cent,  in  a  bee-hive  oven.  In  a  retort  oven  the 
yield  is  more  than  80  per  cent.  Such  a  plant  without  by-pro- 
duct recovery  costs  not  much  more  per  ton  of  product  than  an 
equally  well  equipped  bee-hive  plant,  and  the  labor  of  opera- 
tion under  such  conditions  would  be  as  low,  if  not  lower.  A 
plant  of  retort  ovens  in  place  of  bee-hives  in  that  field  would, 
therefore,  mean  that  at  practically  the  same  expenditure  the 
owner  of  a  coal  property  would,  on  account  of  the  greater  yield 
of  coke,  increase  the  life  of  his  coal-field  33  per  cent,  with  a 
given  output  of  coke.  Or  the  value  of  the  property,  based  on 
the  selling-value  of  the  coke  therefrom,  would  be  increased  33 
per  cent. 

The  present  development  of  the  art,  however,  has  brought 
the  Pocahontas  coal  to  the  ovens  located  at  the  point  of  con- 
sumption, and  the  mixing  of  low  and  high  volatile  coals  has 
grown  in  favor,  especially  during  the  last  few  years. 

The  cycle  of  operations  in  connection  with  the  by-product 
oven  has  been  described  several  times  in  technical  papers,  and 

Digitized  by  VjOOQ IC 


THE   MANUFACTURE   OF   OOEE.  1305 

need  not  be  repeated  here.  It  is  well  recognized  that  the  op- 
eration of  these  plants  calls  for  technical  skill  of  high  order,  as 
the  several  processes  include  metallurgical,  mechanical,  and 
chemical  engineering,  and  the  success  and  economy  of  the  op- 
eration are  largely  dependent  upon  the  accurate  control  of  a 
number  of  quite  different  and  independent  conditions.  There 
has  been  great  progress  in  the  design  of  the  ovens  and  re- 
covery-apparatus. As  might  be  expected,  America  now  leads 
Europe  in  output  of  plant,  size  of  oven,  and  rate  of  coking.  In 
the  early  days  of  the  by-product  oven  in  America,  the  capacity 
of  the  oven  was  about  4.4  tons  of  coal  per  24  hr.,  and  25  ovens 
were  considered  about  the  right  number  for  one  crew  of  men. 
Modern  ovens  have  a  capacity  of  as  much  as  20  tons  of  coal 
per  oven  per  day,  and  by  the  introduction  of  more  machinery 
and  more  efficient  design,  the  number  of  ovens  handled  per 
man  is  also  increased  greatly.  The  rate  of  coking  is  one  point 
in  which  American  practice  has  gone  ahead  of  Europe. 

Retort  ovens  have  been  built  of  various  widths  from  about 
14  to  about  30  in.,  to  suit  various  ideas  of  the  designers,  and 
various  coals ;  but,  within  limits,  the  rate  of  coking  per  inch  of 
coal  does  not  vary  materially  with  the  width  of  the  oven.  Not 
many  years  ago  the  best  rate  of  coking  was  about  1  in.  of  oven 
width  in  90  min. ;  that  is,  a  16-in.  oven  was  coked  in  24  hr. 
To-day  there  is  more  than  one  type  of  oven  which  is  coking  reg- 
ularly at  the  rate  of  from  50  to  55  min.  per  inch  of  oven  width. 
This  increased  rate  was  made  possible,  partly  by  better  control 
of  the  heating-systems,  and  partly  by  the  adoption  of  silica 
brick  in  the  oven  construction.  Silica  brick  has  been  used  in 
bee-hive  oven  construction  very  generally  for  a  number  of 
years.  In  retort  ovens  it  was  first  used  in  the  Otto-Hoffmann 
oven-plant  at  Johnstown  in  1899,  and  is  now  the  standard  mar 
terial  in  America  for  retort-oven  construction. 

During  the  past  few  years  special  study  has  been  given  to 
the  heat  economy  of  the  retort  oven  and  material  advance  has 
been  made.  From  most  American  coals,  more  gas  is  produced 
than  is  necessary  for  heating  the  ovens.  The  conditions  under 
which  it  is  to  be  operated  have  an  important  bearing  on  the 
design  of  an  oven-plant.  It  may  be  said  that  there  are  three 
general  conditions.  First,  where  there  is  not  sufficient  market 
to  dispose  of  the  surplus  gas.     In  this  case  the  design  of  oven 
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should  be  very  simple.  Any  complication  of  the  design  for 
preheating  the  air  should  be  avoided,  since  satisfactory  coking- 
temperatures  can  be  maintained  with  cold  air,  if  economy  of 
gas  is  no  object.  Steam  for  the  operation  of  the  plant  should 
be  raised  by  burning  the  surplus  gas  under  simple  boilers.  This 
simplicity  of  design  permits  material  economy  in  cost  of  con- 
struction and  maintenance,  and  also  reduces  the  cost  of  ope- 
ration. 

The  second  condition  is  where  there  is  a  market  for  the  gas, 
perhaps  for  industrial  purposes,  but  at  a  low  price,  and  the  cost 
of  coal  and  labor  is  relativelv  hio^h.  In  this  case  the  oven- 
design  should  provide  for  partial  heating  of  the  air,  with  pro- 
portionate economy  of  gas  for  heating  the  oven,  so  that  the 
remaining  heat  in  the  waste  gases  is  just  about  sufficient  to 
furnish  the  steam  required  for  the  plant.  This  design  gives 
an  oven  of  moderate  cost  for  construction  and  upkeep;  the 
operation  of  the  boiler-plant  is  reduced  to  its  lowest  terms,  with 
minimum  of  labor  and  repairs ;  and  at  the  same  time  a  very 
considerable  percentage  of  the  total  gas  produced  is  available 
for  sale. 

In  the  third  case  the  gas  is  salable  at  a  good  price,  so  that  it 
is  desirable  to  recover  the  maximum  amount  for  sale.  Under 
these  conditions  an  oven-design  is  justifiable  which,  while  more 
costly  in  construction,  is  most  economical  in  heat-consumption. 
The  air  is  heated  in  the  best  form  of  recuperators  or  regenera- 
tors to  1,000°  or  1,100°  C,  and  the  Waste  gases  go  to  the 
chimney  too  cool  to  be  of  value.  Under  these  conditions  coal- 
and  coke-breeze  are  used  for  producing  the  necessary  steam. 
Whether  steam  is  used  for  the  production  of  power,  as  well  as 
for  the  distillation  of  ammonia,  heating,  etc.,  or  whether  the 
power  is  generated  by  gas-engines,  depends  upon  the  relative 
market  value  of  coal  and  gas.  A  proper  recognition  of  the 
conditions  of  installation,  and  the  adaptation  of  the  design  to 
them,  is  an  important  factor  in  the  most  economical  installation 
of  a  retort  oven-plant.  It  is  by  no  means  always  the  case  that 
the  most  highly  efficient  heat-economy  within  the  oven  itself  is 
most  economical  for  the  plant,  and  very  good  results  can  be 
obtained  in  some  cases  without  the  most  expensive  oven-con- 
struction. The  average  of  a  year's  results  from  two  plants 
which  have  come  within  my  knowledge,  using  coal  containing 
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less  than  27  per  cent,  volatile,  showed  more  than  4,200  ft.  of 
gas  sold  per  ton  of  coal  coked  for  the  entire  year.  Statements 
regarding  volumes  of  gas  recovered  are  often  misleading,  since 
the  quality  may  vary  greatly :  so  it  may  be  of  more  interest  to 
say  that  the  heat-units  in  this  gas  averaged  from  the  two  plants 
for  the  entire  year  well  over  2,600,000  B.t.u.  per  net  ton  of  coal 
coked,  or  about  44  per  cent,  of  the  heat  in  the  total  gas.  While 
these  figures  can  be  materially  improved  by  more  expensive 
construction  to  effect  greater  heat-economy  in  the  oven,  the 
above  results  were  obtained  with  the  simplest  form  of  apparatus 
for  preheating  the  air,  and  at  the  same  time  all  the  steam  re- 
quired for  operating  the  plant,  handling  and  storing  coal,  dis- 
tilling ammonia,  etc.,  was  produced  from  the  waste  heat, 
assisted  by  the  breeze  produced  at  the  plant. 

The  follo^ving  tabulated  data  show  in  a  general  way  what 
may  be  expected  from  plants  designed  for  the  three  con- 
ditions mentioned  above.  The  figures  show  the  results  per  ton 
of  coal  coked.  They  represent  average  conditions  and  average 
coals,  and,  of  course,  would  be  modified  by  special  conditions. 

steam  Pro- 
Type  of  Oven.  Fuel  Gas.  Surplas  Gas.     duced. 

Percent.    Per  Cent.        Pounds. 

No  air  preheating 70  30  1,050 

Partial  air  preheating 60  40  800 

Maximum  air  prehea        40  60  0 

The  tendency  of  modern  retort-construction,  especially  in 
America,  is  towards  the  highest  economy  of  heat,  even  at  the 
expense  of  simplicity  and  economy  of  construction.  The 
proper  heating  of  a  retort  oven  is  not  a  simple  problem.  It 
consists  essentially  in  the  distribution  of  heat  from  burning 
gases  over  the  side  wall  of  the  oven,  which  presents  an  area 
from  35  to  40  ft.  long,  and  from  8  to  12  ft.  high.  The  tem- 
perature over  this  entire  area  must  be  always  under  accurate 
control.  When  operating  for  maximum  output  the  tempera- 
tures must  be  held  at  a  point  not  far  below  the  softening-point 
of  the  brick ;  and  since  the  oven-chamber  is  wider  at  one  end 
than  at  the  other,  to  permit  easy  discharge  of  the  coke,  the 
heats  must  be  modified  accordingly,  so  that  the  whole  charge 
may  be  coked  in  the  same  time.  It  is  also  often  desirable  to 
maintain  a  somewhat  lower  temperature  in  the  upper  part  of 
the  oven.     The  combustion  of  the  gas  with  air  which  has 

/Google 


[9] 

Digitized  by  ^ 


1808 


THE   MANUFACTURE   OF   COKE. 


been  preheated  to,  say,  1,100°  C,  as  it  is  in  the  latest  regenera- 
tor ovens,  produces  a  theoretical  flame-temperature  of  about 
2,400°  C.  The  actual  temperature  produced  would  be  much 
above  the  melting-point  of  the  best  refractory  brick,  and  while 
economical  operation  demands  a  full  utilization  of  the  best 
temperatures  attainable,  the  walls  of  the  combustion  flues 
must  not  be  injured,  nor  must  there  be  "  hot  spots  "  or  "  white 
ends  "  that  will  overburn  the  coke  in  the  adjacent  part  of  the 
oven-chamber. 


Wall  to  be  Heated 

A 

\ 


1 


1 ' — \ 

\ } 

Fig.  1. — Application  op  Heat  in  Different  Types  of  Coke-Ovens. 

Fig.  1  shows  diagramraatically  the  application  of  the  heat  in 
the  different  types  of  ovens.  A  indicates  the  combustion-flue 
system  of  any  retort  oven  with  its  regenerative  chambers  below. 
B  and  G  show  applications  of  this  general  arrangement  as 
adopted  by  oven-systems  employing  vertical  flues.  D  shows 
the  application  to  the  horizontal-flue  ovens  of  the  series  type. 
IE  a  horizontal  type  where  all  the  flues  are  in  parallel.     5,  C> 
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And  D  represent  the  methods  generally  adopted  in  commercial 
ovens.  In  the  former  type,  or  the  vertical-flue  oven,  the  gas 
and  air  are  mingled  and  burned  in  horizontal  flues  at  the  bot- 
tom of  the  vertical  flues,  the  burning  gases  distributing  them- 
selves and  passing  up  one-half  the  vertical  flues  and  down  the 
other  half,  as  indicated  in  the  sketch ;  or  gas  and  air  are  led 
separately  to  the  bottom  of  each  of  the  vertical  flues,  where 
they  are  mingled  by  properly  arranged  nozzles  and  burned  as 
they  pass  upward.  In  some  ovens  a  combination  of  these 
methods  is  adopted.  D  illustrates  the  horizontal  series-flue 
regenerator  oven ;  and,  as  I  have  had  more  experience  with 
this  type,  it  may  be  of  interest  to  discuss  somewhat  in  detail 
the  principles  of  its  operation.  All  of  the  air  required  for  the 
<5ombustion  is  passed  through  the  entire  flue-system,  first  from 
above  downward,  and  then  from  below  upward,  as  the  regener- 
ator system  is  reversed.  The  heating  gas  is  admitted  at  the  end 
of  the  flues,  usually  in  four  or  five  places,  as  may  be  required. 
This  method  seems  to  give  a  maximum  of  simplicity.  The 
flow  of  gas  is  automatically  reversed  in  the  flues  themselves  by 
the  change  in  the  current  of  air.  Every  flue  may  be  conven- 
iently inspected  from  end  to  end  by  a  man  walking  along  in 
front  of  the  ovens,  and  the  gas-admission  at  each  point  is  di- 
rectly under  his  hand,  so  that  there  is  no  excuse  for  failure  to 
immediately  observe  and  correct  any  tendency  to  unequal  heat- 
ing. The  distribution  of  the  heat  throughout  the  flue-system 
is  made  remarkably  uniform  by  this  process.  This  is  partly 
due  to  the  comparatively  high  velocity  of  the  gases  sweeping 
through  the  flues,  and  to  the  fact  that  the  gas  is  burned  either 
in  a  large  excess  of  highly-heated  air,  or  else  in  a  mixture  of 
Air  and  products  of  combustion.  The  advantages  of  the  pres- 
ence of  products  of  combustion  in  the  combustion-chamber, 
where  it  is  desired  to  obtain  a  distribution  of  heat,  have  been 
clearly  shown  in  other  combustion  processes,  such  as  the 
Doherty  system  of  producer  operation,  for  example. 

In  beginning  the  experimental  work  leading  up  to  the  pres- 
ent method  of  operation,  while  it  was  recognized  that  the  pres- 
ence of  a  large  volume  of  air,  together  with  products  of  com- 
bustion mixed  with  the  burning  gas,  was  an  important  factor  in 
distributing  the  heat  with  uniformity,  yet  it  was  feared  that 
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passing  the  entire  volume  of  air  through  all  the  flue-system 
might  seriously  increase  the  friction  and  make  the  maintenance 
of  sufficient  draft  a  difficult  matter,  even  though  the  total  amount 
of  air  admitted  could  be  accurately  proportioned  so  that  it  would 
be  just  sufficient  to  burn  all  the  gas.  Hence,  an  oven  was  de- 
signed with  the  flues  in  parallel,  in  order  to  reduce  the  velocity 
of  the  gas-currents,  following  the  principle  of  the  vertical-flue 
type.  It  was  found,  however,  that  the  velocity  of  the  gases 
passing  through  the  flues  did  not  produce  material  friction-loss, 
but  that  most  of  the  friction  arose  from  eddies  in  the  currents 
at  the  ends  of  the  flues;  and  by  a  suitable  modification  of  the 
structure  at  these  points  it  was  easy  to  keep  down  the  draft 
required  to  a  reasonable  amount,  while  maintaining  the  veloc- 
ity of  flow  that  was  so  effective  in  securing  uniform  heats. 
This  method  of  handling  the  gases  through  the  flues  in  these 
series-flue  ovens  has,  therefore,  two  advantages.  It  is  effective 
in  distributing  the  heat  uniformly  from  one  end  of  the  flue  to 
the  other,  and  at  the  same  time  the  higher  velocities  effect  a 
more  efficient  transfer  of  heat  through  the  flue-wall.  The  effect 
of  velocity  of  travel  on  the  transfer  of  heat  through  walls  haa 
also  been  shown  very  clearly  in  a  series  of  experiments  on  steam- 
boilers  made  by  the  Engineering  Experiment  Station  of  the 
University  of  Illinois.^  It  will  be  remembered  that  these  teste 
were  undertaken  to  determine  the  relation  of  heaMransmis- 
sion  to  velocity  of  circulation  in  the  steam-boiler.  They  show 
very  clearly  the  important  effect  of  velocity  flow  on  rate  of  heat- 
transmission,  and  from  the  deduction  therein  set  forth  it  would 
appear  that  the  same  conclusions  may  be  drawn  in  the  study  of 
our  problem.  Having  obtained  by  these  means  such  an  effect- 
ive distribution  of  the  heat,  the  arrangement  of  gas-admission 
to  the  flue-system  makes  it  easy  to  control  the  temperature  of 
the  whole  system  under  the  severe  conditions  described  above. 
The  result  is  that  in  this  type  of  oven  the  heat  is  remark- 
ably uniform  from  end  to  end,  hot  or  cold  spots  are  practically 
unknown,  and  the  control  of  the  temperature  is  much  easier 
than  ever  before. 

The  temperatures  maintained  in  the  flue-system,  depend,  of 
course,  upon  the  rate  of  coking  it  is  desired  to  maintain.  They 
usually  run  from  1,000°  to  1,250°  C,  or  somewhat  higher.     The 
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temperature  at  the  point  of  entrance  of  the  heated  air  is  con- 
trolled by  the  admission  of  the  proper  supply  of  gas,  and  ad- 
ditional gas  is  introduced  at  other  points  in  the  system  in  order 
to  make  up  for  the  heat  transmitted  into  the  oven-chamber,  or 
to  augment  the  temperatures  as  may  be  necessary  in  preserving 
the  proper  relations  of  heat  in  the  different  parts  of  the  system. 
The  periodical  reversal  of  the  gas-currents  prevents  any 
tendency  to  inequalities  which  might  otherwise  develop. 

The  perfecting  of  this  system  makes  the  regenerative  retort 
oven  quite  as  simple  and  easy  to  operate  as  the  recuperative 
oven,  and  at  the  same  time  secures  the  maximum  heat-economy. 
There  is  only  one  reversing-valve  on  each  oven-block,  by  which 
the  currents  of  air  and  products  of  combustion  are  reversed 
through  the  system ;  and  this  may  be  easily  operated  by  a  sim- 
ple mechanical  device  with  time-control.  All  the  other  advan- 
tages of  the  older  system,  of  simplicity  and  reliability  of  opera- 
tion, are  maintained.  This  type  of  oven  utilizes  the  principle 
of  a  heavy  wall  between  each  two  oven-chambers.  This  wall 
occupies  some  room,  and  therefore  more  space  per  unit  of  pro- 
duction, yet  it  has  several  material  advantages.  It  supports  the 
main  body  of  the  oven-structure  and  carries,  without  difficulty, 
the  weight  of  the  heavy  charging-cars,  which,  when  loaded, 
may  weigh  more  than  20  tons.  It  permits  that  part  of  the 
oven-structure  which  is  subjected  to  the  highest  heats  to  be 
readily  repaired,  or  even  entirely  replaced,  without  effecting 
the  integrity  of  the  main  structure,  and  also  without  stopping 
adjacent  ovens.  In  cases  where  the  coal  is  hard  on  the  oven 
bricks,  or  where  a  large  percentage  of  water,  as  in  washed 
coal,  causes  a  severe  shock  to  the  red-hot  bricks  when  charged, 
or  after  the  plant  has  become  old,  this  is  an  important  feature. 
Another  value  of  these  intermediate  walls  is  that  they  act  as  a 
reservoir  of  heat.  They  accumulate  heat  during  the  coking 
process,  and  when  fresh  coal  is  charged  they  come  to  the  assist- 
ance of  the  burning  gas,  and  help  the  oven  pick  up  its  heat 
and  maintain  a  coking  temperature. 

While  the  earlier  by-product  oven-plants  were  simpler  in  de- 
sign and  equipment,  the  modern  plant  is  almost  entirely  me- 
chanically operated,  and  electrically-driven  machinery  has  taken 
the  place  of  most  of  the  hand-labor.     The  following  data  illus- 
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trate  the  distribution  and  conflumption  of  power  in  a  plant  of  a 
capacity  of  1,300  tons  of  coal  per  day. 

Daily  Power  Consumption  in  Kilowatt-Hours  for  Various 

Operations, 

Lighting 599 

Famps  handling  ammonia  liquor 390 

Scrahbers  and  pumps  in  by-product  recovery-plant 1,283 

Coal-charging  and  coke-pushing 192 

Coal-conveyors 393 

Coal-unloading 282 

Coal-storage 102 

Crushing  and  pulverizing 287 

Coke-handling 686 

Pumping  water 1,800 

6,014 

During  the  development  of  the  by-product  oven  in  the  last 
few  years  much  study  has  been  given  to  increasing  the  effec- 
tiveness and  economy  of  the  apparatus  for  recovering  the  by- 
products. This  recovery  consists  essentially  in  the  cooling  of 
the  gas,  which  causes  the  condensation  of  much  of  the  tar-vapor 
and  water-vapor,  which  latter  brings  down  with  it  part  of  the 
ammonia.  After  cooling,  the  gas  is  scrubbed  in  contact  with 
water,  sometimes  by  passing  it  through  tall  towers  through 
which  water  is  showered,  sometimes  by  bubbling  through  water 
in  a  series  of  shallow  pans,  or  by  other  methods;  the  object  in 
all  scrubbing  processes  being  to  bring  the  gas  in  contact  as  in- 
timately as  possible  with  wetted  surfaces,  to  take  advantage  of 
the  strong  affinity  of  water  and  ammonia.  The  weak  ammonia 
liquor  produced  in  these  processes  is  distilled  by  steam,  produc- 
ing either  the  ammonia  liquor  of  commerce,  or,  by  more  refined 
operations,  the  purer  grades  of  ammonia.  If  the  ammonia  gas 
from  the  stills  is  passed  into  sulphuric  acid,  ammonium  sul- 
phate, one  of  the  most  important  artificial  fertilizers,  is  pro- 
duced. 

Much  work  has  been  done  lately  on  what  are  known  as  direct 
processes  for  the  recovery  of  ammonia.  In  all  these  processes, 
the  gas  is  passed  directly  through  a  bath  of  sulphuric  acid, 
thereby  turning  the  ammonia  into  sulphate.  Several  such 
"  direct "  processes  have  been  worked  out,  the  difference  being 
principally  in  the  method  employed  for  the  removal  of  the  tar 
from  the  gas,  which  is  then  bubbled  through  the  sulphuric  acid 
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bath ;  the  ammonium  sulphate  settles  out  and  is  removed,  and 
the  gas  is  ready  for  further  treatment.  At  this  point  the  light 
oils  are  removed  or  the  gas  is  sent  direct  to  the  point  of  con- 
sumption. Several  methods  have  been  advocated  for  the  utili- 
zation of  the  sulphur  in  the  gas  itself  as  the  source  of  sulphuric 
acid  for  making  the  sulphate.  These  processes  are  somewhat 
complicated,  and  will  not  be  described  here,  as  they  have  been 
fully  discussed  in  the  technical  journals. 

One  of  the  latest  applications  connecting  the  manufacture  of 
coke  with  the  other  arts  is  the  "  gas-oven.''  This  name  has 
been  applied  to  the  by-product  coke-oven  when  adapted  espe- 
cially to  the  manufacture  of  illuminating-gas.  The  essential 
modification  is  that  the  gas  for  heating  the  ovens  is  obtained 
from  producers,  the  ovens  being  modified  to  suit  this  gas,  so 
that  the  whole  of  the  gas  produced  from  the  distillation  of  the 
coal  in  the  oven  is  available  for  sale  as  illuminating-gas.  This 
adaptation  of  the  retort  oven  is  attracting  considerable  attention; 
several  plants  are  in  operation  in  Europe,  and  three  or  four  are 
beginning  operation  or  are  in  the  course  of  construction  in  the 
United  States.  While  producing  practically  the  same  gas  as 
other  systems  employed  in  coal-gas  manufacture,  the  gas-oven 
has  the  advantage  of  producing  a  high  quality  of  coke.  It 
also  has  the  advantage  in  operating-cost,  due  to  the  employ- 
ment of  larger  units,  and  carbonizing  more  coal  per  unit  of 
labor.  These  plants  are  more  especially  adapted  to  the  larger 
installations  for  gas-manufacture. 

In  discussing  the  use  of  by-product  coke  for  metallurgical 
purposes,  the  statement  is  often  made  that  this  coke  cannot  be 
as  good  as  bee-hive  coke,  because  the  quality  of  the  coke  is  in- 
jured in  the  manufacture  in  order  to  obtain  better  by-products. 
This  is  not  the  fact,  as  is  borne  out  by  the  considerable  number 
of  by-product  oven-plants  now  supplying  metallurgical  coke  for 
furnace-  and  foundry-work.  In  fact,  in  a  number  of  localities 
by-product  coke  is  sold  for  foundry  purposes  at  a  premium  over 
the  best  bee-hive  coke  on  the  market. 

One  point  in  which  by  product  oven-operation  has  improved 
in  recent  years  is  in  reliability.  In  considering  the  gas,  for 
example,  either  for  gas-engine  work  or  for  illuminating  pur- 
poses, reliability  of  supply  is  an  absolute  essential ;  and  while 
formerly  the  supply  of  gas  was  uncertain  and  undependable, 
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contracts  are  now  made  which  insure  a  permanent  and  reliable 
supply  that  can  be  depended  upon,  like  any  other  manufactured 
product.  The  sales  of  oven-gas  for  illuminating  purposes  now 
exceed  40,000,000  ft.  per  day. 

The  manufacture  of  by-product  coke  is  coming  to  be  not  only 
an  operation  for  the  manufacture  of  coke  and  the  saving  of  such 
incidental  products  as  may  be  obtained,  but  rather  an  industry 
where  coal  is  distilled  for  the  purpose  of  producing  several 
products,  such  as  coke,  tar,  ammonia,  benzol,  gas,  and  perhaps 
others,  each  made  of  the  best  quality,  and  each  important  in 
maintaining  the  earnings  of  the  plant.  The  growth  of  chemical 
manufactures  in  America  and  the  greater  demand  for  the  pro- 
ducts which  supply  these  industries  add  permanency  and  reli- 
ability to  the  market,  and  at  the  same  time  the  by-product  oven 
furnishes  a  reliable  supply  of  raw  materials  to  important  indus- 
tries, which,  although  in  some  cases  still  in  embryo  here,  have 
attained  great  proportions  in  Europe,  and  doubtless  will  grow 
to  large  importance  in  this  country. 

To  the  student  of  social  economics  it  appears  clear  that  the 
general  adoption  of  by-product  ovens  will  exert  its  influence  on 
commercial  conditions,  the  steady  operation  of  these  plants 
being  a  factor  in  maintaining  the  prices  of  coke,  and  hence,  in- 
directly, prices  of  iron  products,  thus  helping  not  a  little  the 
elimination  of  those  violent  fluctuations  in  iron  prices,  which 
have  been  a  fruitful  cause  of  the  speculations  and  industrial 
depressions  which  so  seriously  affect  both  the  employer  and  the 
employee.  These  plants  may  also  have  their  effect  on  our  in- 
dustrial life  by  influencing  industries  to  concentrate  in  the  larger 
centers  in  order  to  take  advantage  of  the  raw  materials  which 
they  furnish,  the  supply  of  power  which  may  be  obtained  from 
the  gas  produced,  and  the  opportunities  which  the  plants  them- 
selves furnish  for  the  employment  of  various  classes  of  labor. 
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The  Manufacture  of  Coke. 

BY  P.    E.   LUCAS,   STDNBY,   N.   8. 
(Cleveland  Meeting,  October,  1912.) 

This  paper  is  offered  with  considerable  diffidence,  since  some 
of  the  stateipents  made  may  not  agree  with  the  opinions  of 
other  members  of  the  Institute.  What  I  give  is  the  result  of 
some  years  of  experience  in  the  operation  and  construction  of 
coke-ovens,  and  observation  of  plants  in  America  and  Europe. 

Although  my  title  is  "  The  Manufacture  of  Coke,"  I  have 
found  it  impossible  to  do  justice  to  the  subject  without  touch- 
ing on  a  number  of  points  which,  while  not  strictly  involved  in 
the  making  of  coke,  yet  are  of  paramount  importance  from  an 
economic  standpoint.  There  are,  indeed,  many  points  of  in- 
terest, on  each  of  which  a  separate  paper  of  considerable  length 
might  be  written,  but  the  scope  of  my  paper  will  permit  me 
only  to  touch  lightly  some  of  them,  in  the  hope  that  what  I 
say  will  promote  a  full  discussion  on  the  whole  question.  Those 
of  us  who  are  interested  in  the  manufacture  of  coke  are  under 
an  obligation  to  the  American  Institute  of  Mining  Engineers, 
which  has  opened  its  meetings  to  the  discussion  of  this  sub- 
ject. I  do  not  believe  that  there  is  any  question  to-day  more 
worthy  or  more  in  need  of  •  discussion.  "When  geologists  and 
mining-men  tell  us  that^  at  the  present  rate  of  consumption, 
our  coal-fields  will  be  exhausted  in  a  few  generations,  we  should 
welcome  any  means  that  will  conserve  these  deposits  as  far  as 
possible,  and  give  us  the  greatest  amount  of  heat  or  power  from 
every  ton  mined. 

I  shall  try  to  show  that  much  can  be  done  in  this  direction 
through  the  by-product  coke-oven,  and  that  it  should  stand 
second  to  none  as  an  economic  factor  in  the  industrial  world. 

I  shall  here  deal  exclusively  with  the  by-product  oven,  except 
for  the  comparative  statement  I  have  prepared,  showing  the 
saving  to  be  effected  by  coking  in  by-product  instead  of  bee- 
hive ovens.     It  should  be  borne  in  mind  that  this  comparison 
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is  only  for  one  particular  coal,  and  while  other  coals  may  give, 
some  better  and  some  poorer  results,  as  far  as  by-products  and 
yield  are  concerned,  yet  it  will  serve  to  show  the  tremendous 
advantage  that  by-product  ovens  have  over  any  other  type. 

Coke  might  be  called  coal  with  the  volatile  matter  distilled 
off.  And  yet  coke,  as  we  mean  it,  and  as  it  must  be  produced 
for  metallurgical  purposes,  ipust  be  something  more  than  this. 
It  must  conform  to  certain  specifications  in  respect  to  physical 
structure  and  the  percentage  of  impurities  present.  We  have 
to  produce  a  coke  hard  enough  to  carry  the  weight  of  the  fur- 
nace-burden and  successfully  withstand  the  abrasion  consequent 
upon  the  passage  of  the  stock  downward  through  the  furnace 
or  cupola-  and  at  the  same  time,  in  order  to  have  the  best  pos- 
sible quality,  it  must  not  be  dense.  A  well-developed  cell- 
structure  is  essential,  I  believe,  to  the  best  action  and  lowest 
consumption  of  coke  in  a  furnace. 

The  impurities  in  coke  are  principally  sulphur  and  ash,  of 
which  the  first  gives  the  most  trouble. 

In  America  we  have  in  the  past  been  very  fortunate  in  having 
available  large  quantities  of  coals  which  are  naturally  of  a  good 
coking  quality,  and  require  no  preparation  before  charging, 
except  possibly  that  of  crushing  to  a  certain  degree  of  fineness. 
It  is  just  as  true  that  the  exhaustion  of  these  coals  is  in  sight; 
and  it  will  then  be  necessary  to  use  other  coals  of  possibly  in- 
ferior quality.  This  will  necessitate  putting  the  coal  through 
certain  processes  before  charging,  in  order  to  maintain  the 
standard  of  coke. 

If  the  coal  is  high  in  sulphur  or  ash  it  will  have  to  be  washed 
to  remove  as  much  as  possible  of  these  impurities.  "Washing 
coal  consists  primarily  in  keeping  the  entire  mass  of  coal  so 
agitated  in  water  that  the  impurities,  by  reason  of  their  greater 
specific  gravity,  may  settle  to  the  bottom  and  be  removed.  The 
mechanical  devices  employed  for  doing  this  are  many  and  varied. 
Some  are  good,  some  fairly  so,  and  some  bad ;  but  it  is  not  my 
purpose  in  this  paper  to  describe  or  criticise  the  various  types  of 
apparatus.  One  thing  I  would,  however,  emphasize,  namely, 
that  any  one  type  of  plant  does  not  necessarily  work  to  the 
best  advantage  on  every  coal.  Each  coal  should  be  carefully 
studied  and  tested  by  all  possible  means  before  erecting  any 
plant  to  prepare  it  for  coking.     Different  coals  have  different 
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specific  gravities,  and  the  ratio  between  the  specific  gravity  of 
the  coal  and  that  of  the  impurities  also  varies  greatiy  in  differ- 
ent coals.  The  manner  in  which  the  impurities  are  associated 
with  the  coal  also  varies  greatly,  and  this  in  particular  will 
largely  affect  the  size  to  which  the  coal  should  be  crushed  be- 
fore washing.  "We  find  that  some  coals  will  give  the  best  re- 
sults in  washing  by  crushing  to  a  small  size  before  going  to 
the  washer  and  others  give  the  best  results  by  going  to  the 
washer  in  nut-size.  In  crushing  finely  before  washing,  it  is 
often  the  case  that,  where  the  sulphur  is  contained  in  definite 
strata  of  pyrites,  a  large  part  of  the  pyrites  is  crushed  to  dust 
or  flake  form,  which  is  held  in  suspension  in  the  washer  and 
goes  over  with  the  coal.  "When  washing  the  coarser  coal  it  is 
(more  often  than  not)  found  advisable  after  washing  to  recrush 
to  the  degree  of  fineness  which  experience  shows  will  give  the 
best  results  in  the  coke  for  that  particular  coal. 

A  further  preparation,  with  which,  so  far,  we  have  not  had 
to  bother  much  in  America,  is  the  compression  of  the  coal  into 
cakes  before  charging.  There  are  coals  which  when  charged 
loosely  into  the  oven  either  will  not  bond  at  all,  or  will  not 
bond  sufficiently  to  make  a  coke  that  will  stand  handling,  but 
which,  when  crushed  very  fine  and  stamped  into  a  cake  that 
can  be  pushed  into  the  oven,  will  make  a  good  coke. 

It  is  sometimes  claimed  that  all  coal  should  be  stamped  be- 
fore charging,  but  I  cannot  agree  with  that  claim,  for  this  rea- 
son :  a  large  open  cell-structure  in  the  coke,  provided  the  cell- 
walls  are  strong  enough  to  carry  the  burden,  gives  us  a  calorific 
intensity  or  fierceness  of  combustion  which  it  is  not  possible  to 
attain  by  the  use  of  a  dense,  close-grained  coke ;  and  compress- 
ing a  coal  which  gives  us  under  natural  conditions  such  a  coke 
as  we  desire,  only  closes  in  the  cell-structure  and  makes  a 
heavier  and  denser  coke,  so  that  the  consumption  of  coke  in  a 
furnace  per  ton  of  metal  produced  would,  I  believe,  be  higher, 
since  practically  the  same  bulk,  and  therefore  greater  weight, 
would  be  used. 

However,  this  does  not  alter  the  fact  that  in  many  cases 
compression  of  the  charge  is  of  incalculable  benefit  to  the 
quality  of  the  coke  produced,  and  as  our  better  coking-coals 
become  exhausted,  we  shall  doubtless  find  it  necessary  to  resort 
more  largely  to  both  washing  and  compression,  in  order  to  keep 
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up  the  coke-standard.  Of  course,  that  will  make  the  coal  going 
to  the  ovens  cost  more  than  at  present ;  but  we  shall  find  that 
other  savings  can  be  effected  which  will  more  than  ofEset  this 
added  cost. 

Both  washing  and  compression  are  almost  universally  prac- 
ticed in  Europe,  but  in  spite  of  this  we  find  that  the  consump- 
tion of  coke  per  ton  of  metal  produced  is  about  on  a  par  with 
the  general  practice  in  America,  when  the  quality  of  the  ores 
and  other  conditions  are  considered.  Also,  we  find  that  the 
European  countries,  particularly  England,  Germany,  and  Bel- 
gium, can,  in  spite  of  the  fact  that  the  bulk  of  their  coal  has  to 
be  prepared  for  coking,  and  that  they  are,  in  general,  using 
much  leaner  ores,  compete  very  successfully  in  the  world's 
markets  with  America,  which,  as  yet,  has  not  been,  to  any  great 
extent,  confronted  with  the  conditions  which  obtain  on  the 
other  side.  What  they  have  done  we  can  do,  and  one  of  the 
chief  reasons  why  they  can  compete  is  because  of  their  avoid- 
ance of  waste,  and  their  economy  in  small  things.  This  is  most 
noticeable  in  the  general  adoption  of  by-product  ovens  and  the 
saving  of  all  possible  by-products. 

The  following  description  of  the  process  of  making  coke  and 
recovering  by-products  will,  I  think,  be  applicable  to  all  types 
of  by-product  ovens : 

The  coking-chamber  is  rectangular  in  shape,  from  80  to  40 
ft.  long,  6  to  12  ft.  high,  and  16  to  24  in.  wide,  taking  coal- 
charges  of  from  5  to  15  tons  per  oven.  The  walls  are  built  to 
contain  an  arrangement  of  flues  and  chambers  in  which  the 
gas  is  burned  to  keep  the  oven  at  the  required  temperature. 
Underneath  the  oven-structure  are  the  regenerators,  through 
which  the  burnt  gases  pass  after  heating  the  oven-walls,  the 
checker- work  in  the  regenerators  absorbing  the  heat  from  these 
gases  on  their  way  to  the  stack.  At  regular  intervals  the  gas 
is  reversed  and  passed  through  a  second  regenerator,  and  the 
air  for  combustion  of  the  gas  is  drawn  up  through  the  one  just 
heated.  By  this  means  air  at  a  temperature  of  1,000°  to  1,800^^ 
F.  is  supplied  for  combustion  of  the  gas. 

On  top  of  the  coking-chamber  is  a  standpipe,  or  ascension- 
pipe,  connected  with  the  gas-main  leading  to  the  condensing- 
plant. 

The  coal-charge  is  either  dropped  in  through  holes  in  the  top 
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of  the  oven,  or,  if  compressed,  is  pushed  in  through  the  end 
door ;  and  then  the  oven  is  tightly  sealed,  to  avoid  loss  of  gas, 
or  the  possible  drawing-in  of  air,  which  would  lead  to  a  partial 
combustion  of  the  charge  and  dilution  of  the  gas.  The  gas 
driven  off  ascends  through  the  standpipe  into  the  collecting- 
main,  and  is  then  drawn  to  the  condensing-plant  by  means  of 
suitable  exhausters. 

The  recovery  of  by-products  in  their  first  form  takes  place  in 
the  condensing-plant.  During  the  past  few  years  there  have 
been  so  many  new  developments  in  by-product  recovery-appa- 
ratus that  it  will  be  necessary  to  outline  briefly  the  different 
processes  by  means  of  which  the  tar  and  ammonia  may  be  ex- 
tracted from  the  gas.  The  older  method  was  to  pass  the  gas 
through  a  series  of  coolers,  bringing  it  down  gradually  to  the 
vicinity  of  from  80°  to  90°  F.,  then  pass  it  through  the  tar-scrub- 
bers, and  then  through  the  ammonia-washers,  where  the  gas  was 
brought  by  various  means  into  intimate  contact  with  water. 
The  water  absorbed  the  ammonia,  and  this  ammonia  liquor  was 
then  distilled  by  steam,  the  ammonia  vapor  being  driven  off, 
and,  in  turn,  absorbed  in  a  bath  of  sulphuric  acid,  in  which  the 
ammonium  sulphate  was  precipitated,  and  afterwards  extracted 
and  dried,  ready  for  shipment. 

The  next  process  was  a  semi-direct  one,  in  which  the  gas 
was  cooled  sufficiently  to  allow  the  tar  to  be  extracted  by  the 
ordinary  cooling  method,  and  then  the  gas  was  heated  up  again 
and  all  passed  through  the  sulphuric  acid  bath,  which  absorbed 
all  the  ammonia,  while  the  gas  passed  on  to  the  holder  or  oven. 
The  sulphate  in  this  case  was  precipitated  and  prepared  for  ship- 
ment as  in  the  previous  process. 

In  the  semi-direct  process  a  certain  amount  of  weak  ammo- 
niacal  liquor,  consisting  of  the  moisture  which  was  condensed 
out  of  the  gas  in  the  original  cooling,  has  to  be  dealt  with  in 
stills,  the  same  as  in  the  first  process.  The  quantity  of  the  liquor 
to  be  so  dealt  with  will  depend  on  the  moisture  in  the  coal 
charged  into  the  ovens. 

A  third — ^the  direct — ^process,  consists  in  taking  the  gas  direct 
from  the  ovens  without  cooling,  extracting  the  tar  at  this  high 
temperature  by  specially  designed  apparatus,  and  then  passing 
the  whole  of  the  gas  through  the  acid  bath,  as  in  the  previous 
process.    By  this  method  there  is  no  liquor  to  be  dealt  with 
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and  there  is  also  no  lime  needed  in  the  process,  as  in  the  case 
where  liquor  has  to  be  distilled  and  a  certain  amount  of  milk 
of  lime  has  to  be  added  to  release  the  so-called  fixed  compounds 
of  ammonia  in  the  liquor. 

There  is  still  another  process,  as  yet  in  the  experimental 
stage,  in  which  the  gas  is  cooled  and  the  tar  extracted  as  in  the 
process  first  described,  but  the  ammonia  is  recovered  in  the 
form  of  sulphate  by  utilizing  the  hydrogen  sulphide  in  the  gas 
instead  of  sulphuric  acid. 

A  detailed  description  or  discussion  of  all  the  different  types 
of  ovens  and  by-product  recovery-apparatus  would  occupy  more 
space  than  I  believe  could  be  granted  for  this  paper. 

The  coke  is  discharged  from  the  ovens  by  means  of  a  ram, 
and  is  received  either  on  a  quenching-wharf  or  in  one  of  the 
many  types  of  quenching-cars  or  machines.  In  one  type  the 
entire  bottom  of  the  oven  is  dropped,  letting  the  charge  fall  out 
into  a  quenching-car  underneath. 

The  quenching  of  the  coke  is  important  from  both  the  stand- 
points of  moisture-content  and  of  strength.  If  the  coke  gets  too 
much  water,  the  cells  will  suck  themselves  full  as  they  cool, 
and  there  will  not  be  heat  enough  left  to  expel  this  excessive 
moisture.  At  the  same  time,  the  rapid  formation  of  steam  has  a 
tendency  to  crack  the  coke  and  weaken  it  materially.  The  ideal 
quenching  of  coke  can,  I  think,  be  shown  by  immersing  a  piece 
in  water,  just  for  a  moment,  immediately  after  it  comes  from 
the  ovens,  and  then  leaving  it  for  about  20  min.  The  water 
has  just  chilled  the  outside  and  stopped  any  tendency  to  com- 
bustion there.  The  inside  will  die  out  for  want  of  air,  and 
at  the  same  time  there  will  be  sufficient  heat  to  dry  out  the 
moisture  from  the  outer  cells.  It  is  probably  not  possible  in 
actual  practice  to  get  such  results  as  we  would  in  a  small  ex- 
periment, but  the  nearer  we  approach  to  it,  the  better  the  pro- 
duct will  be. 

The  effect  of  moisture  in  the  coke  is  one  on  which  opinions 
may  differ.  Naturally,  if  one  is  buying  coke  by  weight  and 
has  to  have  it  hauled  a  considerable  distance,  one  does  not  care 
to  pay  for  the  moisture-content  or  pay  freight  on  it.  Even  if 
the  moisture  is  determined  and  only  dry  coke  paid  for,  there 
is  still  the  question  of  freight,  which  is  an  important  one  when 
large  quantities  of  coke  are  being  used. 
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The  efEect  of  moisture  in  the  coke  on  the  action  of  the  fur- 
nace or  cupola  itself,  is  not  so  clear  to  me.  In  the  foundry-cu- 
pola, where  the  ratio  of  coke  to  iron  melted  is  so  low  and 
the  distance  between  the  top  and  the  melting-zone  so  short,  I 
can  readily  see  how  the  question  of  moisture  may  be  very  im- 
portant; but  in  the  blast-furnace  we  have  a  very  different  con- 
dition. I  do  not  see  how  a  reasonable  amount  of  moisture  in 
the  coke  can  affect  the  melting-zone  of  the  furnace  or  the  re- 
ducing action  of  the  gas  on  the  ore.  There  is  a  temperature  at 
the  top  of  the  furnace,  where  the  coke  is  charged,  high  enough 
to  thoroughly  dry  out  the  moisture  before  the  coke  gets  far 
enough  down  to  do  any  good,  and  the  moisture  is  carried  off 
with  the  gas.  In  fact,  I  believe  there  are  some  furnace-plants 
where  the  coke  is  sprayed  with  water  before  charging,  in  order 
to  keep  the  top  heat  down  below  the  danger  limit. 

Then  comes  the  question  of  the  effect  of  the  moisture  on  the 
gas  itself.  As  long  as  the  moisture  is  not  high  enough  to  limit 
the  heats  required  to  be  raised  on  the  stoves,  I  cannot  see  that 
it  has  done  any  harm. 

The  effect  of  longer  or  shorter  coking-hours  or  higher  or  lower 
temperatures  on  the  quality  of  the  coke  is  something  that  can 
only  be  determined  by  actual  experiment  with  each  different 
kind  of  coal.  "We  can  make  laboratory-tests  on  a  small  scale  to 
test  the  coking-qualities  of  a  coal  and  its  yield  of  by-products, 
but  I  would  not  care  to  build  a  plant  to  deal  with  a  certain  coal 
and  base  my  calculations  entirely  on  laboratory-tests. 

In  selecting  a  design  of  oven  for  coking,  regard  should  be 
had  to  simplicity  as  far  as  possible,  accessibility  for  inspection 
and  repairs,  such  arrangement  of  combustion-chambers  and 
flues  as  will  give  a  uniform  temperature  in  all  parts  of  the  oven ; 
and  a  by-product  plant  that  will  turn  the  gas  out  free  from  tar, 
and  with  only  traces  of  ammonia,  at  the  same  time  producing 
ammonium  sulphate  of  good  color :  all  with  due  regard  to  the 
special  conditions  presented  by  a  given  coal  and  a  given  locality. 

The  advantage  of  a  by-product  oven  over  other  types  and  its 
value  as  an  economic  factor  lie  not  only  with  the  coke,  in  that 
it  gives  a  higher  yield  of  coke  from  a  given  weight  of  coal,  but 
also  in  the  by-products  and  surplus  gas. 

The  ammonium  sulphate  recovered  finds  a  ready  market, 
and  the  demand  for  this  product  as  a  fertilizer  must  always 
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increase  as  the  population  of  the  country  increases,  and  the 
farm-  and  garden-lands  require  more  fertilization. 

The  tar  also  finds  a  ready  market,  and  this  also  is  bound  to 
increase.  The  value  of  tar  by-products  is  rising  as  the  demand 
increases.  It  would  take  a  book  in  itself  to  describe  the  many 
products  made  from  tar,  all  the  way  from  pitch  to  drugs  and 
perfumes.  But  we  will  consider  the  main  products  alone,  viz., 
pitch,  creosote  oils,  and  light  oils.  For  road-making,  roofing, 
and  briquetting,  there  will  always  be  a  market  for  the  pitch. 
With  the  exhaustion  of  our  timber-lands  in  sight,  we  must 
either  do  something  to  conserve  them  or  find  a  substitute. 
Bailroad  companies  and  mine-owners  will  find  it  to  their  ad- 
vantage to  creosote  all  railroad-ties  and  pit-timbers  as  well  as 
bridge-  and  pier-timber.  The  lighter  oils  will  be  used  in  in- 
ternal-combustion engines. 

Probably  the  greatest  waste  the  country  has  ever  seen,  or 
ever  will  see,  has  been  going  on  for  all  the  years  we  have  been 
making  coke  in  bee-hive  ovens  and  burning  the  gas  out  in  the 
air.  Making  coke  in  by-product  ovens,  and  utilizing  the  gas 
by  the  most  economical  means,  will  revolutionize  the  produc- 
tion of  power.  It  has  already  done  so,  most  notably  in  Ger- 
many ;  and  we  must  come  to  it  sooner  or  later.  The  sooner 
we  arrive  at  that  point  the  better  for  the  industries  of  the 
country,  and  the  more  we  shall  have  done  towards  conserving 
our  coal-resources. 

A  modern  by-product  oven,  run  at  a  reasonable  capacity, 
will  give  50  per  cent,  or  more  of  surplus  gas  from  a  coal  of 
about  28  per  cent,  volatile-content.  The  surplus  gas  is  the  gas 
over  and  above  the  quantity  needed  to  keep  the  oven  up  to  the 
required  temperature.  This  surplus  gas  should  run  from  450 
to  500  B.tu.  per  cu.  ft.  The  quantity  of  surplus  gas  is  ap- 
proximately 6,000  cu.  ft.;  hence,  5,000  X  450=  2,250,000  B.tu. 
per  ton  of  coal  carbonized  is  available  for  the  production  of 
power,  =  93,750  B.tu.  per  hour.  The  builders  of  gas-engines 
tell  us  we  can  get  1  h-p.  on  a  heat-consumption  of  11,000  B.tu. 
On  that  basis,  we  find  8.5  h-p.  per  hr.  from  the  surplus  gas  from 
1  ton  of  coal. 

The  surplus  gas  can  also  be  used  for  illuminating  purposes. 
This  is  done  at  some  plants  in  this  country  and  at  a  great  many 
in  Germany.     By  installing  two  collecting-mains  on  top  of  the 
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ovens,  the  rich  gas,  given  off  during  the  earlier  hours  of  the 
coking  time,  can  be  collected  in  one  main,  and  the  leaner  gas 
in  the  second.  By  this  means  gas  of  650  to  750  B.tu.,  or  from 
16  to  19  candle-power,  can  be  delivered  direct  from  the  ovens 
without  enriching.  The  lean  gas  is  still  of  suflBciently  high 
calorific  value  for  heating  the  ovens.  Gas  from  by-product 
ovens  can  be  piped  for  hundreds  of  miles  if  necessary.  Again, 
the  gas  may  be  used  for  steam-raising  or  for  heating  all  man- 
ner of  furnaces,  or,  in  conjunction  with  steel-works,  can  be  used 
in  a  steel-furnace  instead  of  producer-gas.  The  recent  investi- 
gations by  Professor  Bone  have  shown  how  by  flameless  com- 
bustion we  can  get  95  per  cent,  of  efficiency  out  of  the  gas 
we  burn. 

In  any  of  the  above  ways  the  gas  can  be  used  with  great 
economy;  but  I  believe  the  production  of  power  from  gas- 
engines  opens  up  the  largest  field. 

In  the  year  1911  there  was  produced  in  America  approxi- 
mately 29,838,000  tons  of  coke,  of  which  approximately  21,448,- 
000  tons  was  produced  in  bee-hive  ovens.  I  do  not  know  the 
figures  for  the  average  volatile-content  of  the  coal  that  went  to 
make  this  coke,  but  assuming  a  fairly  low  volatile  coal  of  say 
24  per  cent,  to  produce  21,000,000  tons  of  coke  in  by-product 
ovens  would  take  about  26,000,000  tons  of  such  coal.  Allow- 
ing the  small  amount  of  4,000  cu.  ft.  of  surplus  gas  per  ton  of 
coal,  and  15  lb.  of  ammonium  sulphate,  and  7  gal.  of  tar,  and 
allowing  the  surplus  gas  to  furnish  only  400  B.tu.  per  cu.  ft, 
we  find  that  we  would  have  26,000,000  X  4,000  =  104,000,- 
000,000  cu.  ft.  of  gas  per  year ;  this  at  400  B.tu.  per  cu.  ft. 
=  41,600,000,000,000  B.tu. ;  reduced  to  hours  =  4,748,858,- 
447  B.tu.,  at  11,000  B.tu.  per  h-p.-hr.  =  431,714  h-p.  Or, 
allowing  the  value  of  10  cents  per  1,000  cu.  ft  for  the  gas, 
we  have  the  sum  of  $10,400,000.  Of  ammonium  sulphate  we 
have  174,107  gross  tons  at  a  value  of  approximately  $60  per 
ton=  $10,446,420.  Of  tar  we  have  182,000,000  gal.,  worth, 
at  2  cents  per  gallon,  $3,640,000,  Total  value  of  gas,  ammonia, 
and  tar,  $24,486,420. 

I  do  not  doubt  that  the  coal  from  which  the  coke  was  made 
would  have  given  better  results  than  I  have  shown  here,  but 
even  at  these  conservative  figures  we  can  see  what  a  loss  there 
has  been. 
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The  above  amount  is  7  per  cent,  on  about  $850,000,000,  a 
Bum  which  would  build  by-product  ovens  enough  to  carbonize 
125,000,000  tons  of  coal  yearly.  Besides  this  loss,  there  has 
been  the  loss  of  the  coal  burned  in  the  bee-hive  oven.  Allow- 
ing 64  per  cent,  as  a  fair  yield  for  the  bee-hive  and  78  per  cent. 
for  the  by-product  ovens,  there  would  be  a  loss  exceeding 
6,000,000  tons  of  coal.  This  at  f  1  per  ton  added  to  the  other 
loss  gives  us  a  grand  total  of  over  f  30,000,000  lost  in  one 
year.  It  seems  to  me  that  this  is  well  worth  "  getting  after." 
Much  can  be  done  if  we  approach  this  subject  in  the  same 
manner,  and  give  it  the  same  study  and  attention  as  has  been 
given  in  past  years  to  questions  pertaining  to  mining  and 
metallurgy. 

Comparison  Between  Bee-Hive  and  By-Product  Ovens. 

Bee^Hive. 

Ordinary  type,  12.5  ft.  in  diameter. 
Cost  from  $700  to  $1,200  per  oven. 

Produces  4  net  tons  of  coke  in  48  hr.  =  2  net  tons  in  24  hr. 
Yield  of  coke  from  coal,  60  per  cent. 
By-products  and  surplus  gas  =  none. 
By-Product  Ovens, 

Oven  charge,  9  tons. 

Coking-time,  24  hr. 

(Ovens  may  be  larger  or  smaller  than  this,  but  9  tons 

would  probably  be  about  the  average  charge  for  the 

modern  type  of  oven.) 
Coke  produced  on  70  per  cent,  yield  =  6.3  tons  of  coke  per 

oven  in  24  hr. 
By-Products. 

Ammonium  sulphate,  22  lb.  per  net  ton  of  coal  =  31  lb.  per 

net  ton  of  coke.  Value,  2.25  cents  per  lb.  above  cost  of 

manufacture  =  70  cents  per  ton  of  coke  made. 
Tar,     8.5  gal.  per  ton  of  coal  =  10.7  gal.  per  ton  of  coke, 

at  2  cents  per  gal.  =  21  per  ton  of  coke. 
Surplus  gas,  5,000  cu.  ft.  per  ton  of  coal  =  7,143  cu.  ft. 

per  ton  of  coke,  at  10  cents  per  1,000  cu.  ft.  =  71  cents 

per  ton  of  coke. 
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lotal  Value  of  By-Product8  as  above. 

Ammonium  sulphate. 1.070 

Tar. 0.21 

Gas 0.71 

11.62  per  ton  of  coke. 

Add  to  the  above  the  difference  between  60  per  cent,  yield  in 
bee-hive  ovens  and  70  per  cent,  in  by-product  ovens  on  the 
same  coal.     Taking  coal  at  (1.50  per  ton  : 

Goal  per  ton  of  coke  produced  in  bee-hive  oyen ^|2.50 

Coal  per  ton  of  coke  produced  in  bj-product  oyen =   2.14 

Balance  in  fayor  of  bj-product  oven. =|0.36 

So  that  the  total  saving  in  coal  and  by-products  equals  $1.62  plus 
10.36  =  $1.98  per  ton  of  coke  made,  =  $12.47  per  oven  in  24 
hr.  ^  $4,551.55  per  oven  per  year.  Or  for  by-products  alone, 
without  saving  in  coal,  $3,723  per  oven  per  year. 

For  a  plant  of  100  ovens,  saving  =  $455,155  per  year. 
Cost  of  100-oven  plant  complete,  approximately  $1,000,000. 
A  100-oven  plant  of  above  capacity  will  produce  630  tons 
of  coke  per  day  =  229,950  tons  per  year,  working  on 
24  hr.  coking  time. 
If  benzol  is  recovered  it  will  further  add  to  the  income 
from  by-products. 
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SUBJEOT  TO  BKVIBION. 

[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


Blo wing-In  a  Blast- Furnace. 

BY  R.   H.   8WEET8ER,   COLUMBUS,   OHIO. 
(Cleveland  Meeting,  October,  1912.) 

There  are  probably  as  many  variations  of  the  method  for 
blowing-in  blast-furnacee  as  there  are  furnace  superintendents. 
That  some  of  these  variations  are  poor  practice  is  shown  by  the 
troublesome  and  sometimes  disastrous  experiences  of  many  fur- 
nace-men, even  within  the  last  few  years.  It  is  the  object  of 
this  paper  to  put  on  record  a  blowing-in  practice  that  has  gradu- 
ally developed  to  the  point  where  the  results  are  sure,  safe,  and 
satisfactory;  and  also  to  bring  into  discussion  several  variations 
that  are  questionable. 

The  blowing-in  of  a  modern  blast-furnace  is  one  of  the  greatest 
of  metallurgical  operations.  On  its  degree  of  success  depends 
much  of  the  future  life  of  the  lining  and  the  subsequent  be- 
havior of  the  furnace ;  and  it  involves  possibilities  of  danger  to 
the  men  engaged  in  the  work.  The  objects  to  be  attained  are 
the  heating  of  the  interior  of  the  furnace  to  the  high  temperature 
necessary  for  smelting  iron ;  the  starting  of  the  smelting  process ; 
and  the  gradual  movement  of  the  stock  iu  its  downward  course. 
The  most  critical  points  are  the  placing  of  the  kindling-wood, 
the  "  bringing  down  "  of  the  gas,  the  closing  of  the  iron-notch, 
and  the  first  cast.  The  lighting  of  the  first  gas,  the  opening  of 
the  cinder-notch  for  the  first  flush,  and  the  running  of  the  first 
cast  are  anxious  times  for  the  superintendent  and  the  furnace- 
men. 

Drying-Out  ike  Furnace. 

As  soon  as  a  furnace-lining  is  completed  it  should  be  thor- 
oughly dried  out,  whether  it  is  to  be  blown-in  soon  or  not ;  and 
the  longer  it  is  dried,  the  better  for  the  furnace.  At  least  two 
weeks  is  desirable;  but  good  results  can  be  had  with  10  days 
of  firing.  The  crudest  and  least  desirable  method  of  drying  is 
to  build  a  wood  fire  in  the  bottom  of  the  furnace,  throwing  the 
wood  in  through  a  tuyere-arch,  and  using  the  iron-notch  for 
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draft.  The  accumulation  of  wood-ashes  on  the  hearth-bottom 
keeps  the  brick  from  heating  thoroughly,  and  considerable  time 
is  lost  in  removing  the  ashes. 

An  effective  and  easily-controlled  method  is  to  build  a  "  Dutch 
oven  "  outside  one  of  the  tuyeres  and  use  coke  for  fuel.  This 
method  may  be  intermittent  or  continuous,  a  desirable  feature, 
since  sometimes  it  is  necessary  to  pack  plates  or  coolers  on  the 
day-turn,  and  dry-out  on  night-turn.  Coal  could  be  used  for 
fuel,  but  coke  is  cleaner  and  gives  a  hotter  fire. 

The  "  Dutch  oven  "  can  be  built  at  the  iron-notch,  but  often 
it  is  necessary  to  fit  up  the  iron-notch  gun  and  the  gun-bar ;  and 
then  the  oven  would  be  in  the  way.  With  the  oven  at  a  tuyere- 
arch,  the  hearth-bottom  can  be  well  heated  by  a  wood  fire  built 
right  in  the  casting-trough ;  the  strong  draft  will  draw  the  heat 
through  the  iron-notch.  Fig.  1  shows  a  simple  oven  for  a 
tuyere-arch ;  if  used  at  the  iron-notch,  the  neck  of  the  flue 
would  have  to  be  turned  downward. 

Pipe  for  the  Iron-Notch, 

In  order  to  burn  completely  all  the  kindling-wood  below  the 
tuyeres  before  the  slag  falls  into  it,  and  also  in  order  to  heat  up 
the  hearth-bottom  thoroughly,  it  has  long  been  customary  to 
place  an  iron  pipe,  3  or  4  in.  in  diameter  and  about  10  ft.  long, 
in  the  iron-notch.  This  pipe  should  project  from  6  to  18  in. 
inside  the  furnace-wall.  If  the  hearth-bottom  is  much  below 
the  level  of  the  iron-notch  there  is  no  need  for  the  pipe  to  pro- 
ject much  beyond  the  inside  of  the  walls,  but  if  the  hearth-level 
is  almost  up  to  the  bottom  of  the  iron-notch,  the  pipe  should 
project  farther.  In  either  case  the  part  of  the  pipe  inside  the 
furnace  should  be  thoroughly  covered  over  with  stiff  clay,  so  as 
to  protect  it  from  any  molten  slag  or  iron. 

The  pipe  should  be  in  the  center  of  the  iron-notch,  and  as 
nearly  level  as  possible.  Near  the  outer  end  of  pipe  there  are 
four  holes,  0.75  in.  in  diameter,  in  which  to  insert  hooks  for 
pulling  out  the  pipe  when  the  time  comes.  As  soon  as  the 
blast  is  on  the  furnace,  the  gas  will  come  through  the  pipe  out 
into  the  iron-trough,  where  there  should  be  a  wood  fire  to  ignite 
it  immediately.  As  the  volume  of  gas  increases,  the  gas-flame 
at  the  end  of  the  pipe  gets  hotter  and  roars  more,  but  does  no 
harm.     It  is  my  practice  to  let  this  gas  burn  at  the  iron-notch 
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for  4  hr.  after  starting  the  blast,  and  then  to  pull  the  pipe  and 
shut  the  notch. 

Shutting  the  iron-notch  is  one  of  the  critical  stages  of  blowing- 
in ;  but  if  everything  is  in  readiness  the  work  can  be  done  in 
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less  than  3  min.,  with  an  iron-notch  gun  and  a  steam-cylinder 
attachment  on  the  gun-bar.  The  iron  pipe  should  be  turned  in 
the  iron-notch  so  as  to  loosen  the  clay;  this  can  be  done  by  in- 
serting a  bar  or  hook  in  one  of  the  four  holes  near  the  outer 
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end  of  the  pipe.  A  quick  jerk  on  the  hook  will  pull  the  pipe 
clear  of  the  iron-notch,  and  then  the  gun  is  swung  around 
quickly  and  forced  into  place  with  the  steam-cylinder. 

Filling  the  Wood. 

The  placing  of  the  kindling-wood  in  the  hearth  and  bosh  is 
such  an  important  part  of  blowing-in  a  blast-furnace,  that  the 
superintendent  or  his  assistant  usually  gives  personal  attention 
to  each  detail,  staying  inside  the  furnace  to  see  that  every  stick 
of  wood  is  properly  placed.  The  simplest  method  (as  is  often 
the  case  in  furnace-practice)  of  putting  wood  in  the  hearth  has 
proved  to  be  the  best  in  every  way.  David  Baker  taught  it  to 
me  20  years  ago,  and  he  doubtless  learned  it  from  some  old  fur- 
nace-man at  Steelton.  No  fancy  scaffold  is  made,  but  cord-sticks 
are  packed  as  tightly  as  possible,  in  alternate  layers  at  right 
angles  to  each  other,  from  the  hearth-bottom  up  to  the  level  of 
the  bottom  side  of  the  tuyeres.  The  wood  is  all  passed  into  the 
furnace  through  one  tuyere-arch  with  the  cooler  left  out. 

At  the  Algoma  Steel  Co.,  I  first  used  the  "  Algoma  cones  " 
at  the  tuyeres.  These  are  made  by  placing  dry  building-laths 
in  front  of  each  tuyere  with  the  inside  ends  coming  to  a  point 
towards  the  center  of  the  furnace,  and  the  other  ends  placed  all 
around  the  nose  of  the  tuyere.  The  spaces  between  cones  are 
filled  up  with  short  sticks,  split  cord-sticks  and  any  dry  kindling 
available,  and  the  whole  surface  is  leveled  with  the  exception  of 
a  place  about  3.5  by  4  ft.  in  front  of  the  tuyere  where  the  wood 
is  passed  in.  A  vertical  shaft  about  10  ft.  high  is  here  made 
by  nailing  four  posts  (4-  by  4-in.  sticks  or  small  saplings)  in  po- 
sition. Two  posts  will  be  close  to  the  wall  on  either  side  of  the 
tuyere-arch  and  the  other  two  will  stand  about  4  ft.  from  the 
wall.  Cord-sticks  are  then  piled  on  end  all  across  the  furnace  and 
around  the  shaft;  then  a  second  tier  of  cord-sticks  is  placed  in 
as  tightly  as  possible.  Usually  the  top  of  this  second  tier  will 
be  below  the  top  of  the  bosh,  and  cord-sticks  are  laid  against 
the  walls  all  around  the  furnace  to  protect  the  brick  and  plates 
from  falling  stock. 

When  this  is  done  enough  wood  is  passed  inside  the  furnace 
and  up  the  shaft  so  that  when  the  last  man  "  backs  out "  he  can 
fill  the  shaft  solid  with  wood.  All  the  men  except  two  go  out- 
side, and  the  tuyere-cooler  is  set  in  place.     The  two  men  pack 
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the  cooler  from  inside  with  clay,  and  place  the  kindlings  in 
front  of  the  tuyere,  then  "  back  out "  up  the  shaft.  The  wood 
is  then  thrown  down  into  the  shaft  and  packed  in  solid,  and  the 
two  men  are  hoisted  out  at  the  top  of  the  furnace  in  a  boatswain's 
chair. 

Filling  with  wood  in  the  above  manner  accomplishes  perfectly 
the  three  things  desired,  namely :  the  heating-up  of  the  hearth 
without  leaving  any  appreciable  amount  of  ash ;  the  ignition  of 
the  coke-charge  and  the  starting  of  the  smelting  process ;  and 
the  movement  of  the  stock  with  such  gentleness  that  the  set- 
tling on  top,  within  2  hr.  after  the  blast  goes  on,  cannot  be  de- 
tected except  by  using  the  gauge-rod. 

Coke  on  the  hearth-bottom  and  built-up  scaffolds  do  not 
usually  attain  all  these  points,  and  do  not  produce  good  iron 
on  the  first  cast. 

Filling  the  Stock, 

On  top  of  the  wood,  regular  charges  of  coke  with  just  enough 
limestone  in  each  charge  to  flux  the  ash  of  the  coke,  are  dumped 
in  the  usual  manner.  The  size  of  this  coke  "  blank  "  is  more 
often  too  large  than  too  small.  I  am  indebted  to  Frank  P. 
Howe,  of  Philadelphia,  for  learning  the  advantages  of  using 
about  20  tons  of  coke  instead  of  40  or  more.  The  next  set  of 
charges  has  an  equal  amount  of  coke  plus  cupola-slag,  and 
enough  limestone  to  flux  the  coke  and  slag.  Then  follow  the 
ore-charges  with  gradually  decreasing  amounts  of  slag.  Char- 
coal-furnace slag  is  excellent  for  the  slag-charges,  but  is  usually 
harder  to  get  than  clean  cupola-slag.  If  the  slag  is  not  granu- 
lated it  should  be  broken  up  to  about  2  in.  size.  A  good  vol- 
ume of  easily-melted  slag  is  needed  to  fill  up  the  hearth  and 
receive  the  first  iron  that  comes  down. 

A  charging  schedule  that  has  worked  successfully  several 
times  is  as  follows : 

Chaiiges.  Coke.  Limestone.  Cupola-Slag.  Ore. 

Pounds.  Pounds.  rounds.  Pounds. 

6  6,510  730  0  0 

6  6,510  4,000  4,000  0 

5  6,510  4,300  4,000  1,800 

5  ,         6,510  3,600  3,000  2,400 

5  6,510  3,000  2,000  3,600 

5  .      6,510  3,300  2,000  5,000 


These  materials  filled  a  75-  by  18-ft.  furnace. 
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The  first  five  charges  after  the  blast  went  on  had  1,000  lb.  of 
slag  and  6,400  lb.  of  ore;  then  the  slag  was  omitted  and  the  ore 
gradually  increased  to  full  burden. 

When  the  stock  gets  within  about  20  ft.  of  the  top,  it  is  a 
good  plan  to  take  measurements  of  the  surface  of  the  stock,  and 
to  make  careful  observations  of  the  distribution ;  at  this  time, 
gauge-rods  should  be  tested  as  to  accuracy  in  readings. 

Patting  the  Blast  On. 

I  believe  in  putting  the  blast  on  at  once,  and  using  hot  blast 
to  light  the  furnace  whenever  stoves  are  available.  If  the  vol- 
ume of  blast  is  increased  properly,  the  furnace  will  not  "  hesi- 
tate," but  will  move  off  easily,  and  the  first  slip  will  be  indefi- 
nitely postponed.  If  the  stoves  have  not  been  previously  heated 
with  gas,  then  red-hot  rods  are  thrust  in  through  the  tuyeres  to 
light  the  kindlings. 

If  the  furnace  is  a  single  stack  and  the  gas-flues  are  cold  and 
empty,  the  method  of  "  bringing  down  the  gas "  is  different 
from  the  way  when  there  are  one  or  more  furnaces  in  blast  and 
delivering  gas  into  the  same  gas-mains. 

When  the  blast  is  turned  on  a  single  stack,  both  bells  and 
the  top  bleeders  are  left  open  for  a  while  and  not  closed  until 
there  is  a  steady  and  voluminous  flow  of  gas  at  the  top  of  the 
furnace.  The  big  bell,  and  then  the  little  bell,  are  closed,  and 
all  the  gas  goes  out  at  the  bleeders.  All  gas-burners  on  stoves 
and  boilers  are  tightly  closed,  and  all  fire  is  kept  away  from 
dust-catchers  and  cleaning-doors.  The  gas-mains  are  gradually 
filled  with  the  dense  white  furnace-gas  by  partly  closing  the 
bleeders.  At  the  farthest  end  of  the  gas-main,  gas  is  allowed 
to  escape  through  a  valve  or  a  cleaning-door,  so  as  to  expel  all 
the  air  in  the  mains.  When  gas  is  leaking  through  all  the 
cracks  of  doors  and  burners,  and  there  is  pressure  inside  the 
gas-main,  the  last  gas-burner  under  the  farthest  boiler  is  slowly 
opened,  and  the  gas  is  lighted  by  the  fire  on  the  boiler-grate. 
The  bleeders  are  then  closed  so  as  to  force  all  the  gas  into  the 
mains.  By  having  the  mains  full  of  gas  at  a  pressure  of  a  few 
inches  of  water,  the  danger  of  explosions  is  averted.  The  very 
dangerous  quality  of  the  blowing-in  gas  is  shown  by  the  analyses 
I  made  and  recorded  in  our   Transactions^^  but  all  trouble  can 

*  In  my  paper,  Analysis  of  Blast- Furnace  Ga^  While  Blowing- In,  IVaw«.,  xxviii., 
608  to  613  (1898). 
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be  avoided  by  proper  handling  of  the  gas.  Great  care  must  be 
taken  not  to  open  gas-burners  faster  than  the  volume  of  gas  will 
allow ;  as  the  volume  and  pressure  increase,  the  burners  at  the 
stoves  can  be  opened. 

In  the  cases  of  "  twin  "  furnaces,  all  these  precautions  can  be 
omitted  and  the  gas  from  the  new  furnace  can  be  soon  turned 
into  the  gas-mains  by  closing  the  bells  and  bleeders.  Of  course, 
the  gas-valve  between  the  new  furnace  and  those  already  in 
blast  must  be  opened  just  before  the  blast  is  turned  on. 

I  will  not  attempt  to  give  in  exact  cubic  feet  the  amount  of 
blast  that  should  be  blown  during  the  first  hours  of  blowing-in ; 
but  the  volume  at  all  times  during  the  first  day  or  two  should 
be  sufficient  to  prevent  much  blast-pressure  on  account  of  "  hesi- 
tating "  in  the  settling  of  stock.  While  the  wood  is  burning 
the  blast-volume  should  be  sufficient  to  prevent  gas  from  com- 
ing back  in  the  tuyeres  by  reason  of  the  pulsations  of  the  engines. 
I  usually  start  with  25  per  cent,  of  the  normal  blast. 

The  First  Flush  and  First  Cast 

The  first  flush  is  anxiously  looked  for  in  10  or  12  hr.  after 
the  blast  goes  on.  Where  slag  is  used  in  filling  the  furnace,  a 
considerable  amount  should  be  flushed  out  before  any  attempt 
is  made  to  open  the  iron-notch. 

In  opening  the  iron-notch  for  the  first  time  there  should  be 
no  trouble  whatever,  providing  the  keeper  drills  in  on  the  level 
and  through  the  soft  clay  that  fills  the  hole  left  by  the  4-in.  pipe. 
Sometimes  a  big  tapping-bar  is  driven  into  the  soft  clay  as  soon 
as  the  iron-notch  is  shut  for  the  first  time,  as  described  above. 
But  I  have  found  that  there  are  several  disadvantages  in  this 
and  now  prefer  to  leave  the  bar  out. 

Some  Records  with  the  "  Columbus  MethodJ^ 

Date.                        July  15, 1908.  Aug.  17, 1909.  May  21, 1912.  Aug.  20, 1912. 

Size  of  furnace,  feet 75  by  18  75  by  17  75  by  18  75  by  18 

Single.  "Twin.''  Single.  "Twin.*' 

Blaston 8.03  a.m.  8.25  a.m.  4.03  a.m.  3.42  p.m. 

How  lighted Hot  rods.  Hot  blast.  Hot  blast  Hot  blast 

Stock  settled 9.45  a.m.  9.20  a.m.  6.10  a.m.  5.20  p.m. 

Iit>n-notch  shut {     ^^'^^  «-^  ^'^ 

I    12.35  p.m.       11.11a.m.         8.05  a.m.        8.25  p.m. 

First  flush 6.45  pm.        6.37  p.m.  4.20  p.in.        8.00  p.m. 

First  cast 10.10  p.m.       9.25  p.m.  7.30  p.m.       12.30  p.m. 

Silicon,  percent 4.33  2.73  3.53  1.79 

Sulphur,  percent 0.044  0.028  0.017  0.035 

Tons  pig  first  week 1,302  1,137  l,41fted  by  Gc^^^le 
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The  furnace  blown-in  Aug.  17,  1909,  had  very  hot  stoves. to 
start  with,  and  the  blast-temperature  exceded  1,400°.  On  this 
account  the  blast-volume  was  increased  more  rapidly  than  usual, 
and  the  first  cast  (34,620  lb.)  was  only  13  hr.  after  the  blast 
went  on. 

The  furnace  blown-in  Aug.  20, 1912,  had  no  bottom-brick  on 
top  of  the  salamander  that  had  been  left  in,  and  on  account  of 
the  increased  depth  of  hearth  the  cinder  was  longer  than  usual 
in  filling  up  to  the  cinder-notch. 

[SscaBTABY'e  Note. — For  earlier  contribations  to  the  Institute  ooyering' this 
subject  in  whole  or  in  part,  see  the  following  papers  in  the  TraruactwM. — J.  i>.] 

Vol.  Page.  Title.  Authon. 

VIII.  348  to  364  Blast-Fumace  Working.  Julian  Kennedy. 

XVII.  138  to  140  Large  Furnaces  on  Alabama  Material.  F.  W.  Gordon. 
XVIIL  379  to  391  Filling  and  Blowing-In  at  the  Dur- 
ham Blast-Fumace.  B.  F.  Fackenthal,  Jr. 
XVIII.  427  to  436  Peculiar  Working  of  a  Blast-Furnace.    N.  B.  Wittman. 
XX.  262  to  267  American     Blaat-Fumace     Practice 
(Discussion). 

James  6a j ley,  J.  R  Johnson,  Hugh  Kennedy, 
John  Birkinbine,  £.  C.  Pechin,  Julian  Kennedy. 
XXIII.        370         Beyiew  of  American  Blast-Fumace 

Practice.  E.  C.  Potter. 

XX  VIII.  608  to  613  Analysis  of  Blast-Furnace  Gas  While 

Blowing-In.  Ralph  H.  Sweetser. 
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Note  on  the  Case-Hardening  of  Special  Steels. 

BY  ALBERT  SAUVEUR*  AND  G.  A.  RBINftARDT,t  CAMBRIDGE,  MASS. 
(Cleveland  Meeting,  October,  1912.) 

Although  many  metallurgists  know  that  some  pearlitic  spe- 
cial steels  can  be  made  troostitic,  martensitic,  and  even  austenitic, 
without  quenching,  and,  therefore,  without  exposing  them  to 
the  dangers  of  the  quenching-bath,  the  practical  significance  of 
such  possibility  does  not  seem  to  have  received  the  attention  it 
deserves.  Let  us  recall  briefly  the  mechanism  of  the  transfor- 
mation alluded  to. 

In  rig.  1  (after  Guillet)  is  shown  the  constitutional  diagram 
of  nickel-steel  that ;  is,  of  alloys  of  iron,  carbon,  and  nickel.  Any 
steel  the  composition  of  which  falls  within  the  area  LPO  is 
pearlitic  after  slow  cooling ;  any  steel  the  composition  of  which 
is  represented  by  a  point  within  the  area  MLO  is  martensitic, 
and  any  steel  within  the  area  MNO  is  austenitic.  Starting 
with  pearlitic  steel,  then  by  increasing  the  carbon-content 
or  the  nickel-content,  or  both,  the  metal  becomes  marten- 
sitic and  eventually  austenitic ;  that  is,  its  composition  crosses 
first  the  boundary-line  LO  and  then  the  line  MO — and  it 
remains  martensitic  or  austenitic  after  slow  (air)  cooling.^  We 
have  in  this  way  imparted  to  the  metal  without  quenching  it 
the  properties  of  hardened  carbon-steel.  In  other  words,  the 
steel  is  now  self-hardening.  Nickel  cannot  be  introduced  into 
solid  steel,  but  by  the  well-known  process  of  case-hardening  it 

*  Professor  of  Metallurgy  and  Metallography  in  Harvard  University. 

t  Assistant  in  Metallurgy  and  Metallography  in  Harvard  University. 

^  The  boundaries  between  the  various  zones  are  not,  as  a  matter  of  fact,  as  sharp 
as  indicated  in  the  diagram,  because  pearlite  is  not  transformed  abruptly  and  in  its 
entirety  into  martensite  when  a  certain  critical  composition  is  attained,  nor  is  mar- 
tensite  suddenly  and  completely  converted  into  austenite.  Greater  refinement  in 
the  construction  of  the  diagram  would  undoubtedly  result  in  the  introduction  of 
troosto-pearlitic,  troostitic,  and  troosto-martensitic  zones  between  the  pearlitic  and 
martensitic  areas  and  of  a  martenso- austenitic  zone  between  the  martensitic  and 
austenitic  areas.  For  the  purpose  of  this  note,  however,  the  existence  of  these 
transition-conditions  may  be  ignored. 
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should  be  possible  tx)  cause  pearlitic  nickel-steel  to  absorb  the 
necessary  amount  of  carbon  to  become  martensitic,  or  even,  if 
desired,  austenitic.  It  should  therefore  be  possible  to  manu- 
facture case-hardened  objects  of  nickel-steel  and  of  some  other 
special  steels  having  pearlitic,  and  consequently  soft  and  tough, 
cores,  and  troosto-martensitic,  martensitic,  martenso-austenitic 
or  austenitic  cases,  without  recourse  to  the  quenching-bath.  In 
Fig.  1,  for  instance,  the  point  A  represents  a  steel  containing  0.25 
per  cent,  of  carbon  and  3  per  cent,  of  nickel.  By  increasing 
the  carbon-content  to  1.2  per  cent,  its  composition  shifts  from 
^  to  -B  and  the  metal  becomes  martensitic.     Increasing  its  car- 


Austenitic 


0  0.25  0.B0  0.86         1.0  1J8  U 

PER  CENT.  CARBON 

Fig.  1.— Constitutional  Diagram  of  Nickel-Steel  (Guillkt). 

bon  to  1.5  per  cent,  would  make  it  austenitic,  since  its  compo- 
sition would  now  be  represented  by  the  point  C  A  pearlitic 
steel  containing  the  same  amount  of  carbon  (0.25  per  cent,  but 
more  nickel,  say  5  per  cent.,  would  require  a  smaller  addition 
of  carbon  to  become  martensitic  or  austenitic,  since  by  shifting 
its  composition  from  A'  to  B'  when  it  contains  0.85  per  cent, 
of  carbon  it  fails  within  the  martensitic  area.  It  is  evident  that 
the  nearer  the  composition  of  pearlitic  steel  to  the  boundary- 
line  JLO  the  less  carbon  will  it  require  to  make  it  martensitic. 
To  test  the  practicality  of  the  manufacture  of  case-hardened 
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articles  of  the  description  referred  to,  a  number  of  nickel-steels 
of  varying  compositions  were  subjected  to  the  case-hardening 
treatment,  and  no  difficulty  was  experienced  in  producing  mar- 
tensitic  cases  and  even,  in  the  presence  of  sufficient  nickel, 
austenitic  cases. 

It  will  suffice  for  the  purpose  of  this  note  to  describe  briefly 
a  few  of  the  tests  performed. 

Steel  No.  3. 

Origin, — Nickel-steel  supplied  by  the  Peerless  Motor  Car  Co.,  of 
Cleveland,  Ohio. 

Shape. — 1-in.  hexagonal  bar. 

Chemical  Composition.— TSi.^.i^',  C,  0.176;  P,  0.011 ;  8,0.026; 
Mn,  0.48  per  cent. 

TVeaiment  A. — Annealed  for  3  hr.  at  a  temperature  of  1,000°  C, 
surrounded  by  a  mixture  composed  of  40  per  cent,  of 
barium  carbonate  and  60  per  cent,  of  wood-charcoal,  and 
cooled  in  air. 

Results. — Approximate  thickness  of  case,  1.3  mm.  Aproxi- 
mate  thickness  of  martensitic  portion  of  case,  0.5  mm. 
The  balance  of  the  case  was  troosto-martensitic,  troostitic, 
and  troosto-pearlitic. 

The  microstructure  of  the  case  is  shown  in  Figs.  2  and  3, 
magnified  respectively  50  and  100  diameters.  The  purely 
martensitic  character  of  the  shell  of  the  case  will  be 
noted,  as  well  as  the  occurrence  of  troostite  and  its  gradual 
increase.  In  Fig.  2  the  wide  black  band  is  pure  troostite. 
The  martensitic  grains  owe  their  polyhedral  form  to  the 
original  austenitic  grains  from  which  they  are  derived. 
Some  of  the  grains  are  surrounded  by  troostitic  membranes. 

TVeatment  B. — Same  as  treatment  A,  but  lasting  5  hr. 

Results. — Case  of  the  same  character,  but  measuring  1.7  mm.  in 
thickness  and  the  martensitic  portion  0.9  mm. 

Treatment  C. — Same  as  treatment  B,  bat  the  steel  was  allowed  to 
cool  slowly  in  the  case-hardening  furnace  after  the  opera- 
tion. 

Results. — Approximate  thickness  of  case,  1.9  mm.     The  case 

consisted  of  sorbitic  grains  surrounded  by  free  cementite 

and  containing  many  cementite  needles,  as  shown  in  Fig.  4. 

By  referring  to  Fig.  1  it  will  be  seen  that  in  the  presence 
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of  8.5  per  cent,  of  nickel  some  1.2  per  cent,  of  carbon  is 
needed  in  order  that  the  steel  may  be  martensitic  after  air- 
cooling.  It  will  be  evident  from  the  structure  of  the 
slowly-cooled  sample  (Fig.  4)  that  at  least  that  amount  of 
carbon  had  been  introduced. 

Conclusions. — Steel  containing  some  8.5  per  cent  of  nickel 
can  be  made  martensitic  by  case-hardening  followed  by 
air-cooling.  Slow  cooling  in  the  furnace  produces  a  sor- 
bito-cementitic  case. 

Other  Treatments. — The  same  steel  was  case-hardened,  using 
crushed  bone,  but  the  results  were  much  less  satisfactory. 

Steel  No.  5. 

Origin. — Nickel-steel  supplied  by  the  Peerless  Motor  Car  Co.  of 
Cleveland,  Ohio^ 

Shape. — 1.5-in.  round  bars. 

Chemical  Composition.— Ni.^M;  C,  0.115;  P,  0.010;  8,0.037; 
Mn,  0.50  per  cent. 

Treatment  A. — Annealed  for  5  hr.  at  a  temperature  of  1,000**  C, 
surrounded  by  a  mixture  composed  of  40  per  cent  of 
barium  carbonate  and  60  per  cent,  of  wood-charcoal,  and 
cooled  in  air. 

Results. — Approximate  thickness  of  case,  2.5  mm.  Approxi- 
mate thickness  of  austenitic  portion  of  case,  0.5  mm.  Ap- 
proximate thickness  of  martensitic  portion,  1.8  mm.  The 
balance  of  the  case  was  troosto-martensitic,  troostitic,  and 
troosto-pearlitic. 

The  microstructure  of  the  case  is  shown  in  Figs.  5  and  6, 
magnified  100  and  300  diameters  respectively.  The  white 
constituent  is  austenite,  the  dark  needles  martensite. 

Treatment  B. — Same  as  treatment  A  with  the  exception  that  the 
bar  was  allowed  to  cool  slowly  with  the  furnace  after  the 
case-hardening  operation. 

Results. — A  case  about  2  mm.  thick  was  produced  consisting  of 
large  grains  of  sorbite  and  much  free  cementite. 

By  referring  to  Fig,  1  it  will  be  seen  that  in  the  pres- 
ence of  5  per  cent,  of  nickel  or  thereabout  some  0.9  per 
cent  of  carbon  should  theoretically  su&ce  to  produce  a 
martensitic  case,  while  1.30  per  cent,  of  carbon  or  more 
should  make  it  austenitic.  The  results  obtained  in  these 
case-hardening  tests  agree  satisfactorily  with  the, diagram. 
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Fig.  2.— Nickel-Steel.    Ni,  3.44;  C,  0.176  Per  Cent.      Case-Habdened 
Structure  of  Case.    Magnified  50  Diameters. 


Fig.  3.— Same  Steel  as  in  Fig.  2.    Same  Treatment. 

Diameters. 


Magnified  100 


Fig. 


4. — Same  Steel  as  in  Figs.  2  and  3,  but  Furnace-Cooled  After 
Case-Hardenino.     Magnified  100  Diameters. 
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Fio.  5. — Nickel-Steel.    Ni,  4.86  ;  C,  0.115  Per  Cent.    Case-Hardened. 
Structure  ok  Case.    Magnified  100  Diameters. 


FiQ.  6. — Same  Steel  as  in  Fig.  5.     Same  Treatment.     Magnified  300 

Diameters. 
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Ccnehtsions. — In  case-hardening  nickel-steel  containing  about  5 

per  cent,  of  nickel,  austenitic  or  martensitic  cases  can 

^^eadily  be  produced  through  proper  regulation  of  the  length 

V  *  of  the  operation  and  by  cooling  in  air  the  case-hardened 

articles.      Slow  cooling  in  the  furnace  produces  sorbito- 

cementitic  cases. 

Treatment  of  SorbitO'Cementiiic  Cases. — ^By  reheating  to  1,000^ 
C.  a  steel  with  a  sorbito-cementitic  case  (because  of  slow 
cooling  in  the  furnace)  and  cooling  in  air,  the  case  became 
martensitic.  This  suggests  the  advisability  of  cooling  in 
the  furnace  after  case-hardening  producing  a  sorbito- 
cementitic  case  and  then  reheating  to  800°  C.  and  cool- 
ing in  air,  thereby  securing  a  finer  martensitic  case  than 
by  cooling  in  air  from  the  case-hardening  temperature. 

Commercial  Applications. 

The  possible  commercial  applications  of  a  case-hardening 
operation  yielding  martensitic  cases  without  recourse  to  the 
quenching-bath  are  obvious.  It  should  be  possible  to  case- 
harden  finished  pieces  of  machinery,  gears  for  instance,  of 
low-carbon  nickel-steel,  producing  hard  wearing-surfaces  which 
should  be  free  from  the  cracks,  distortions,  and  internal  strains 
so  frequently  present  in  quenched  steel. 

We  are  indebted  to  the  Peerless  Motor  Car  Co.  for  supplying 
the  steel  used  in  these  tests,  and  to  R.  R.  Abbott,  metallurgist 
of  the  company,  for  his  interest  in  the  work  and  valuable  sug- 
gestions. 
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The  Alundum  Extraction-Thimble  Used  in  the 
Determination  of  Copper. 

BY  L.    W.    BAHNEY,   NEW  HAVEN,    CONN. 
(Cleveland  Meeting,  October,  1912.) 

The  photograph,  Fig.  1,  shows  the  apparatus  a  little  less  than 
half  size,  consisting  of  a  filtering-flask  fitted  with  rubber  stopper 
through  which  passes  a  bent  glass  tube,  and  an  extraction- 
thimble  fitted  with  rubber  stopi)er  through  which  passes  a 
glass  tube  of  0.25-inch  bore.  Both  tubes  are  connected  by  a 
short  piece  of  rubber  tubing. 

A  section  of  a  thimble  is  shown  in  the  photograph;  the  tube 
extends  to  within  J  in.  of  the  tapered  end. 

The  object  of  using  the  thimble  is  to  remove  the  acid  from 
the  beaker  after  all  the  copper  has  been  precipitated.  Time  is 
saved,  the  copper  is  not  exposed  to  the  acid  alone,  and  there 
are  none  of  the  losses  attending  ordinary  filtration.  I  have 
accomplished  these  results  by  means  of  a  piece  of  perforated 
platinum  fastened  in  the  end  of  a  0.25-iii.  bore  glass  tube  and 
a  filter-mat  of  asbestos,  but  after  my  supply  of  proi>er  length 
fiber  became  exhausted  I  could  not  rei)lenish  it  even  after  pur- 
chasing 14  lots  from  four  different  dealers. 

The  above  apparatus  may  be  used  to  remove  at  least  seven- 
eighths  of  a  supernatant  liquid  from  a  settled  precipitate  with- 
out disturbing  the  latter. 

The  application  of  the  thimble  is  best  shown  by  i)artly  out- 
lining the  assay  for  C()i)per,  as  follows : 

Dilute  the  acid  solution  of  copper  and  other  sulphates  to  150 
CO.  in  a  200-cc.  Jena  beaker,  place  on  a  hot  plate,  add  2  droi)s 
of  concentrated  HCl,  then  place  a  strij)  of  aluminum  in  the 
beaker  (this  may  be  bent  or  straight,  as  desired).  Connect  the 
ajuiaratus,  as  shown  in  Fig.  1,  with  a  filter-pump  having  a 
strong  suction.  When  the  copper  is  i)recipitated,  remove  the 
beaker  from  the  hot  jHate  and  insert  the  extraction-thimble 
alongside  the  strip  of  aluminum.  The  aeid  solution  will  be 
drawn  through  the  porous  tube.  Wash  the  upi)er  end  of  the 
aluminum  strij)  with  a  jet  of  hot  water,  wash  down  th^  sides  of 

[  1  ]  Digitized  by  VjOOQIC 


1344 


THE    ALUNDDM    EXTRACTION-THIMBLE. 


the  beaker,  and  add  about  25  cc.  of  hot  water  to  cover  the  pre- 
cipitate. 

As  Booii  as  all  the  liquid  is  out  of  the  beaker,  disconnect  the 
thimble  by  slipi)ing  the  rubber  tubing  from  the  bent  glass  tube 
of  the  filtering-flask,  wash  it  with  a  jet  of  hot  water.  If  there 
is  no  adhering  copper,  lift  from  the  beaker,  add  5  ce.  of  strong 
nitric  acid  to  the  precipitated  copper,  and  carry  out  the  titra- 
tion in  the  usual  manner.  If  the  copper  is  in  a  finely-divided 
condition  as  a  precipitate  on  the  aluminum,  it  will  adhere  as  a 
black  coating  on  the  thimble,  but  as  soon  as  the  thimble  is  dis- 


FiQ.  1. — The  Alundum  Extraction-Thimble  as  Used  in  the 
Determination  op  Copper. 

connected  the  water  inside  it  will  ooze  out  through  the  pores, 
and  if  the  5  cc.  of  strong  nitric  acid  be  poured  on  it,  the  coi)per 
will  immediately  dissolve  and  the  thimble  may  be  washed  with 
a  jet  of  hot  water.  The  filtration  is  more  rapid  when  the  solu 
tion  is  hot. 

If  the  last  of  the  solution  in  the  beaker  is  not  withdrawn  as 
rapidly  as  the  first,  tip  the  beaker  at  an  angle  of  45°.  With  a 
pump  having  a  strong  suction  this  will  not  be  necessary. 

The  thimble  attached  to  the  flask,  as  shown  above,  was  used 
in  more  than  300  determinations. 


[2] 
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Proceedings  of  the  One  Hundred  and  Third  Meeting, 
Cleveland,  Ohio,  October,  1912. 

LOCAL  COMMITTEE. 

Executive. — D.  T.  Croxton,  Chah-man;  C.  B.  Murray,  Secretary;  F.  B.  Rich- 
ards, W.  G.  Mather,  A.  W.  Smith,  S.  T.  Wellman. 

Finance. — W.  G.  Mather,  Chairman;  H.  H.  Brown,  C.  A.  Grasselli,  Samuel 
Mather,  L  B.  Miller. 

Entertainment. — F.  B.  Blchards,  Chairman;  H.  W.  Lash,  B.  D.  Quarrie, 
W.  Rattle,  Jr.,  Willard  Sawyer,  R.  B.  Sheridan. 

Program  and  Printino.— C.  B.  Murray,  Chairman;  L.  E.  Dunham,  F.  A. 
Ernroerlon,  G.  F.  Knspp,  A.  W.  Smith,  O.  Textor. 

General  Reception. — R  R.  Ahbott,  M.  A.  Ammon,  H.  A.  Barren,  G.  Bar- 
tol,  H.  H.  Brown,  W.  N.  Crafts,  J.  H.  Cremer,  B.  Crowell,  D.  T.  Croxton,  S.W. 
Croxton,  H.  G.  Dalton,  L.  E.  Dunham,  F.  A.  Emmerton,  C.  H.  Fulton,  C.  A. 
Grasselli,  H.  C.  Hale,  L.  E.  Holden,  R.  F.  Jopling,  H.  L.  Kaufman,  H.  R. 
Kimmell,  G.  F.  Knapp,  W.  Koehler,  H.  M.  Lane,  H.  W.  Lash,  L  P.  Lihme,  A. 
G.  McKee,  M.  McMurray,  Samuel  Mather,  W.  G.  Mather,  E.  P.  Merrill,  H.  G. 
Merry,  L.  B.  Miller,  C.  B.  Murray,  E.  W.  Oglebay,  F.  J.  Peck,  T.  E.  Pierce, 
B.  D.  Quarrie,  W.  J.  Rattle,  F.  B.  Richards,  L.  A.  Roby,  H.  E.  Seidl,  J.  H. 
Sheadle,  A.  W.  Smith,  O.  Textor,  F.  H.  Treat,  F.  R.  Van  Horn,  O.  M.  Weichsel, 
S.  T.  Wellman,  R.  Zeising. 

IRON  AND  STEEL  DIVISION. 
Charles  Kirchhoff,  Chairman;  Charles  F.  Rand,  Vice- Chairman ;  Bradley 
Stoughton,  Secretary ;  John  Birkinbine,  James  Gay  ley,  Henry  D.  Hibbard,  Henry 
M.  Howe,  Charles  K.  Leith,  Robert  W.  Hunt,  Julian  Kennedy,  Richard  Moldenke, 
Joseph  W.  Richards,  Albert  Sauveur,  F.  W.  C.  Schniewind,  A.  A.  Stevenson, 
Felix  A.  Vogel,  Leonard  Waldo,  William  R.  Webster. 

Institute  Headquarters,  Hotel  Statler. 

On  Monday  evening,  Oct.  28,  1912,  the  visiting  members 
and  guests  were  informally  received  by  the  Local  Committee 
at  the  Headquarters  of  the  Institute  at  the  Hotel  Statler.  The 
evening  was  very  pleasantly  spent  in  renewing  old  acquaint- 
ances and  friendships  and  in  forming  new  ones. 

The  first  session,  held  Tuesday  morning,  Oct.  29,  1912,  in 
the  impressive  Assembly-Room  of  the  hotel,  was  called  to 
order  by  David  T.  Croxton,  Chairman  of  the  Local  Commit- 
tee. Mr.  Croxton  introduced  the  Hon.  Newton  D.  Baker, 
Mayor  of  Cleveland,  who  extended  a  cordial  welcome  to  the 
members  and  guests  present.  James  F.  Kemp,  President  of 
the  Institute,  who  subsequently  presided  at  the  meeting,  re- 
sponded in  behalf  of  the  Institute. 
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The  following  papers  were  presented  in  oral  abstract  by  the 
authors : 

*  Recent  Developments  in  the  Inspection  of  Steel  Rails,  by 
Robert  W.  Hunt,  Chicago,  111. 

Discussion  by  Henry  D.  Hibbard,  Frederick  Laist,  Elwood 
Haynes,  William  H.  Blauvelt,  R.  H.  Sweetser,  and  reply  by 
Mr.  Hunt. 

*  Notes  on  Titanium  and  on  the  Cleansing  Effect  of  Titanium 
on  Cast-Iron,  by  Bradley  Stoughton,  New  York,  N.  Y. 

Discussion  by  J.  E.  Johnson,  Jr.,  James  F.  Kemp,  and  reply 
by  Mr.  Stoughton. 

t  The  Cuyuna  Iron-Ore  Range,  by  Walter  A.  Barrows,  Jr., 
Duluth,  Minn.,  and  Carl  Zapffe,  Brainerd,  Minn. 

Discussion  by  D.  T.  Croxton. 

*  The  Action  of  Various  Commercial  Carbonizing-Materials, 
by  Robert  R.  Abbott,  Cleveland,  Ohio. 

Discussion  by  Henry  D.  Hibbard. 

*  Measurements  and  Relations  of  Hardness  and  Depth  of 
Carbonization  in  Case-IIardened  Steel,  by  Mark  A.  Ammon, 
Cleveland,  Ohio. 

Discussion  by  J.  E.  Johnson,  Jr.,  Bradley  Stoughton,  and 
reply  by  Mr.  Ammon. 

(A  unanimous  vote  of  thanks  was  passed  to  the  Peerless 
Motor  Car  Co.,  for  their  liberal  policy  in  placing  at  the  dis- 
posal  of  the  Institute  the  information  presented  by  Messrs. 
Abbott  and  Ammon  in  their  excellent  papers.) 

*  Notes  on  Ruff's  Carbon-Iron  Equilibrium  Diagram,  by 
Henry  M.  Howe,  New  York,  N.  Y.  (Presented  by  Bradley 
Stoughton.) 

X  N.  M.  Wittorff's  Preliminary  Investigation  of  Primary 
Crystallization,  and  Subsequent  Physico-Chemical  Permuta- 
tions in  Iron-Carbon  Alloys  Containing  More  than  4  Per  Cent, 
of  Carbon,  by  Bradley  Stoughton  and  Simon  Marcus,  New 
York,  N.  Y.     (Presented  by  Mr.  Stoughton.) 

Discussion  by  J.  E.  Johnson,  Jr.,  Henry  D.  Hibbard,  Brad- 
ley Stoughton,  R.  H.  Sweetser,  James  F.  Kemp,  and  reply  by 
Mr.  Stoughton. 


*  Papers  distributed  in  pamphlet  form  at  the  meeting, 
t  Papers  distributed  in  mimeograph  form  at  the  meeting. 
X  Papers  in  manuscript  form  available  for  consultation. 
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The  second  session,  on  Tuesday  afternoon,  held  in  the  same 
place,  was  called  to  order  by  President  Kemp. 

The  following  papers  were  presented  in  oral  abstract  by  the 
authors : 

*  Blowing-In  a  Blast-Furnace,  by  Ralph  H.  Sweetser,  Col- 
ambus,  Ohio. 

Discussion  by  J.  E.  Johnson,  Jr. 

*  Alloys  of  Cobalt  with  Chromium  and  Other  Metals,  by 
Elwood  Haynes,  Kokomo,  Ind. 

Discussion  by  P.  N.  Moore,  William  Kelly,  Carl  Zapffe,  R. 
R.  Abbott,  S.  T.  Wellman,  J.  E.  Johnson,  Jr.,  James  F.Kemp, 
Henry  D.  Hibbard,  and  reply  by  Mr.  Haynes. 

*  The  Manufacture  of  Coke,  by  William  H.  Blauvelt,  Syra- 
cuse, N.  Y. 

*  By-Product  Coke,  by  Charles  W.  Andrews,  Duluth,  Minn. 
(Presented  by  Dr.  Schniewind.) 

*  The  Manufacture  of  Coke,  by  F.  E.  Lucas,  Sydney,  N.  S. 
(Presented  by  William  H.  Blauvelt.) 

The  above  three  papers  on  the  manufacture  of  coke  were 
discussed  by  James  E.  Thropp,  Jr.,  James  F.  Kemp,  E.  V. 
d'Invilliers,  Dr.  F.  Schniewind,  Dr.  R.  Moldenke  (communica- 
tion presented  by  Mr.  Stoughton),  Bradley  Stoughton,  H.  H. 
Stoek,  Charles  H.  Fulton,  Ralph  H.  Sweetser,  and  replies  by 
Mr.  Blauvelt  and  Dr.  Schniewind. 

*  The  Concentration  of  Iron-Ores,  by  H.  V.  Hansell,  New 
York,  N.  Y. 

Discussion  by  E.  G.  Spilsbury,  P.  N.  Moore,  J.  E.  Johnson, 
Jr.,  E.  V.  d'Invilliers. 

*  The  Effect  of  Alumina  in  Blast-Furnace  Slags,  by  J.  E. 
Johnson,  Jr.,  Ashland,  Wis. 

Discussion  by  Ralph  H.  Sweetser,  Charles  H.  Fulton,  James 
F.  Kemp,  and  reply  by  Mr.  Johnson. 

The  third  session,  Wednesday  morning,  Oct.  30,  held  in  the 
eame  place,  was  devoted  to  a  discussion  of  the  business  affairs 
of  the  Institute.  President  Kemp  called  the  meeting  to  order 
and  prefaced  the  proceedings  with  a  brief  history  of  the  Insti- 
tute management  to  date,  calling  attention  to  the  fact  that  the 
Institute  now  being  an  incorporated  body  of  the  State  of  New 

*  Papers  distributed  in  pamphlet  form  at  the  meeting. 
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York,  by  its  charter  can  take  no  legal  action  at  meetings  held 
outside  of  the  State  of  New  York.  The  present,  session  there- 
fore could  only  be  devoted  to  discussion. 

Charles  F.  Rand,  in  behalf  of  the  Special  Committee  ap- 
pointed by  the  Board  of  Directors  and  the  Council  (Joseph  W. 
Richards,  Chairman  ;  Charles  Kirchhofi,  and  Charles  F.  Rand), 
presented  printed  copies  of  the  proposed  new  Constitution  and 
By-Laws,  which  were  distributed  among  the  members.  The 
various  articles  were  taken  up  one  by  one,  special  attention 
being  given  to  Art.  IV.,  which  relates  to  the  establishment  of 
a  class  of  "  Fellows  "  in  the  Institute.  This  Article  was 
submitted  more  for  discussion  than  as  a  recommendation.  Dis- 
cussion from  the  floor  was  held  by  C.  R.  Corning,  Charles 
Kirchhofi,  J.  W.  Malcolmson,  P.  N.  Moore,  H.  H.  Stock, 
Robert  W.  Hunt,  J.  E.  Johnson,  Jr.,  H.  D.  Hibbard,  E.  V. 
d'Invilliers,  H.  F.  Bain,  E.  W.  Parker,  Bradley  Stoughtoo, 
A.  R.  Ledoux,  William  Kelly,  E.  C.  Spilsbury,  Carl  Zapffe, 
S.  L.  Goodale,  E.  H.  Benjamin,  Joseph  Struthers. 

The  Article  as  drawn  granted  power  to  the  body  of  Fellows 
to  express  an  opinion  as  such  with  regard  to  "  pending  or  pro- 
posed legislation  affecting  the  mining  or  metallurgical  indus- 
tries." A  vote  was  called  to  ascertain  the  sense  of  those  pres- 
ent concerning  this  question  as  put.  The  result  was  37  against 
and  17  in  favor.  The  broad  question  of  establishing  a  class  of 
Fellows  was  then  presented  and  voted  upon,  with  the  result  of 
27  against  and  20  in  favor. 

The  proposed  By-Laws  were  briefly  presented  and  a  special 
discussion  was  held  on  By-Law  III.,  referring  to  the  duties  of 
the  Secretary ;  especially  the  section  which  required  that  the 
Secretary  should  devote  his  entire  time  to  the  affairs  of  the  In- 
stitute. Discussion  from  the  floor  was  held  by  J.  E.  Johnson, 
Jr.,  Charles  F.  Rand,  A.  R.  Ledoux,  Charles  Kirchhoff,  E.  G. 
Spilsbury,  S.  L.  Goodale,  James  F.  Kemp,  and  S.  W.  Malcolm- 
son.  On  request,  an  expression  of  opinion  was  asked  as  to 
whether  the  restriction  should  remain,  namely,  that  the  entire 
time  of  the  Secretary  should  be  devoted  to  Institute  affairs ; 
the  vote  showed  13  in  favor  of  the  restriction  and  30  against  it. 

C.  R.  Corning  presented  arguments  in  support  of  the  pro- 
posed amendments  to  the  Constitution  and  By-Laws  presented 
by  himself  and  George  C.  Stone  at  the  adjourned  Annual  Bnsi- 
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ness  Meeting  of  the  Institute,  Oct.  7,  1912,  and  subsequently 
sent  in  printed  form  to  the  membership  at  large  in  circular 
No.  8,  Oct.  15,  1912. 

The  fourth  and  concluding  session  was  held  Thursday  morn- 
ing at  the  Case  School  of  Applied  Science  in  the  large  lecture- 
room  of  the  Electricity  Building.  Professor  Kemp  presided* 
The  following  papers  were  presented  in  oral  abstract : 

t  The  Quality  of  Charcoal-Iron,  by  J.  E.  Johnson,  Jr.,  Ash- 
land, Wis. 

Discussion  by  Bradley  Stoughton  and  by  letter  from  Henry  M. 
Howe  and  Richard  Moldenke. 

*  The  Constitution  and  Melting-Points  of  a  Series  of  Copper- 
Slags,  by  Charles  H.  Fulton,  Cleveland,  Ohio. 

Discussion  by  Frederick  Laist  and  Henry  D.  Hibbard. 

*  Chemistry  of  the  Reduction  Processes  in  Use  at  Anaconda^ 
Mont,  by  Frederick  Laist,  Anaconda,  Mont. 

*  Note  on  The  Case-Hardening  of  Special  Steels,  by  Albert 
Sauveur  and  G.  A.  Reinhardt,  Cambridge,  Mass.  (Presented 
by  Mr.  Reinhardt.) 

Discussion  presented  in  writing  by  R.  R.  Abbott. 

A  discussion  of  the  paper  of  R.  W.  Raymond  on  Our  Na- 
tional Resources  and  Our  Federal  Government,  by  George 
Otis  Smith,  Washington,  D.  C.    (Presented  by  E.  W.  Parker.) 

C.  R.  Corning  presented  orally  a  few  additional  remarks 
concerning  the  proposed  amendments  to  the  Constitution  and 
By-Laws,  discussed  by  him  at  the  third  session. 

The  proceedings  concluded  with  a  cordial  vote  of  thanks  ta 
the  Local  Committee  for  the  complete  and  delightful  manner 
in  which  the  comfort  and  enjoyment  of  the  members  had  been 
looked  after ;  also  to  the  Case  School  of  Applied  Science  for 
placing  at  disposal  of  the  Institute  for  the  final  session  the  lec- 
ture-room in  the  Electricity  Building. 

In  addition  to  the  papers  already  noted,  the  following  were 
read  by  title  for  publication : 

*  Surveying  and  Sampling  Diamond-Drill  Holes,  by  E.  E» 
White,  Ishpeming,  Mich. 

*  Papers  distributed  in  pamphlet  form  at  the  meeting, 
t  Papers  distributed  in  mimeograph  form  at  the  meeting. 
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t  The  Utility  of  Efficiency-Records  in  the  Manufacture  of 
Iron,  by  John  J.  Porter,  Staunton,  Va. 

*  Fuel-Efficiency  of  the  Cupola-Furnace,  by  John  J-  Porter, 
Staunton,  Va. 

*  The  MicroBtructure  of  Iron  and  Steel,  by  William  Campbell, 
New  York,  N.  T. 

*  Recent  Developments  in  Open-Hearth  Steel-Practice,  by  N. 
E.  Maccallum,  Phoenixville,  Pa. 

t  Influence  of  Divorcing  Annealing  on  the  Mechanical  Prop- 
erties of  Low-Carbon  Steel,  by  Henry  M.  Howe  and  Arthur 
G.  Levy,  New  York,  N.  Y. 

t  Methods  of  Preparing  Basic  Open-Hearth  Steel  for  Cast- 
ings, by  H.  F.  Miller,  Jr.,  Verona,  Pa. 

t  Electric  Heating  and  Removal  of  Phosphorus  from  Iron, 
by  A.  E.  Greene,  Chicago,  111. 

*  A  Titaniferous  Iron-Ore  Deposit  in  Boulder  County,  Colo., 
by  E.  P.  Jennings,  Salt  Lake  City,  Utah. 

t  The  Function  of  Slag  in  Electric  Steel-Refining,  by  R.  Am- 
berg,  Pittsburg,  Pa. 

*  The  Ta-yeh  Iron-Ore  Deposits,  Hu-pei  Province,  China,  by 
C.  M.  Weld,  Low  Moor,  Va. 

*  Clinton  Iron-Ore  Deposits  in  Kentucky  and  Tennessee,  by 
S.  Whinery,  New  York,  N.  Y. 

*  Melting  Iron  in  the  Cupola-Furnace,  by  R.  Moldenke, 
Watchung,  N.  J. 

*  Centrifugal  Machines  as  Applied  to  Ore-Grading  and  Ore- 
Concentrating,  by  Godfrey  T.  Vivian,  Cornwall,  England. 

*  The  St.  Helens  Mining-District,  Skamania,  Wash.,  by  Hor- 
ace V.  Winchell,  Minneapolis,  Minn. 

*  Fires  in  Metalliferous  Mines,  by  George  J.  Young,  Reno, 
Nev. 

X  Fire-Clay  Deposits  in  Canada,  by  Heinrich  Ries,  Ithaca,N.  Y. 
X  Discussion  of  F.  G.   CottreU's  paper,  Electric  Fume-Pre- 
cipitation, by  Richard  Peters,  Jr.,  Barker,  Pa. 

*  Present  Conditions  of  Mining  in  the  District  of  Vladivos- 
tok, Siberia,  by  Albert  F.  J.  Bordeaux,  Thonon-les-Bains, 
France. 


*  Papers  distributed  in  pamphlet  form  at  the  meeting, 
t  Papers  distributed  in  mimeograph  form  at  the  meeting. 
X  Papers  in  manuscript  form  available  for  consultation. 

Digitized  by  VjOOQ IC 


PROCEEDINGS    OF   THE   CLEVELAND    MEETING.  1351 

*  The  Sampling  of  Gold-Bullion,  by  Frederick  P.  Dewey, 
Washington,  D.  C. 

*  An  Experience  in  the  Use  of  Water-Power,  by  C.  M.  My- 
rick,  San  Francisco,  Cal. 

*  Our  National  Resources  and  Our  Federal  Government,  by 
R.  W.  Raymond,  New  York,  N.  T. 

*  The  Wood  Flotation  Process,  by  Henry  E.  Wood,  Denver, 
Colo. 

*  The  Occurrence  of  Gold  in  the  Eocene  Deposits  of  Texas, 
by  E.  T.  Dumble,  Houston,  Texas. 

*  A  Graphic  Solution  of  D'Arcy's  Formula  for  the  Transmis- 
sion of  Compressed  Air  in  Pipes,  by  Nathaniel  Herz,  Lead, 
8.  D. 

*  The  Alundum  Extraction-Thimble  Used  in  the  Determina- 
tion of  Copper,  by  L.  W.  Bahney,  New  Haven,  Conn. 

*  Notes  on  the  Metallography  of  Alloys,  by  William  Camp- 
bell, New  York,  N.  Y. 

X  The  Ultimate  Sources  of  Ores,  by  Blarney  Stevens,  Temas- 
caltapec,  Mexico. 

*  Notes  on  Bag-Filtration  Plants,  by  Anton  Filers,  New  York, 
N.Y. 

*  The  Development  of  the  Parkes  Process  in  the  United 
States,  by  Ernst  F.  Eurich,  New  York,  N.  Y. 

*  The  Sulphatizing-Roasting  of  Copper-Ores  and  Concen- 
trates, by  Utley  Wedge,  Ardmore,  Pa. 

X  Development  of  the  American  Water- Jacket  Lead  B last- 
Furnace,  by  R.  C.  Canby,  Wallingford,  Conn. 

X  Heat-Losses  in  Furnaces,  by  F.  A.  J.  Fitzgerald,  Niagara 
Falls,  N.  Y. 

*  The  Development  of  the  Reverberatory  Furnace  for  Smelt- 
ing Copper-Ores,  by  E.  P.  Mathewson,  Anaconda,  Mont. 

X  A  Trip  Through  Northern  Korea,  by  H.  W.  Turner,  San 
Francisco,  Cal. 

X  Discussion  of  Mr.  Keller's  paper.  The  Solubility  in  Nitric 
Acid  of  Gold  Contained  in  Certain  Copper-Alloys  (Copper- 
Bullions),  by  Charles  Hunter,  Swaziland,  South  Africa. 

X  Discussion  of  Messrs.  Sauveur  and  Reinhardt's  paper,  Note 

*  Papers  diBtributed  in  pamphlet  form  at  the  meeting. 

X  Papers  in  manuscript  form  available  for  consultation. 
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on  the  Case-Hardening  of  Special  Steels,  by  Robert  R.  Abbott, 
Cleveland,  Ohio. 

X  New  Type  of  Blast-Furnace  Construction,  by  J.  E.  John- 
son, Jr.,  Ashland,  Wis. 

X  New  Design  of  Open-Hearth  Furnace  Using  Producer-Gas, 
by  H.  F.  Miller,  Jr.,  Verona,  Pa. 

Excursions  and  Entertainments. 

On  Tuesday  evening,  Oct.  29,  an  informal  smoker  in  the 
large  Assembly-Room  of  the  Statler  Hotel  was  tendered  to 
the  members  and  guests  of  the  Institute  party,  and  through 
the  courtesy  of  Rogers,  Brown  &  Co.,  a  remarkably  vivid  mo- 
tion-picture portrayal  was  presented  entitled  "  From  Mine  to 
Molder,"  beginning  with  the  mining  of  the  ore  and  showing 
the  methods  and  complete  processes  until  the  finished  material 
is  produced.  A  running  explanation  of  the  various  steps  of 
the  process  was  given  by  Henry  B.  B.  Yergason,  a  representa- 
tive of  the  company.  The  smoker  concluded  with  an  inter- 
esting illustrated  address  by  Prof.  James  F.  Kemp  and  an  in- 
formal collation. 

On  Tuesday  afternoon,  Oct.  29,  during  the  technical  ses- 
sion, the  visiting  ladies  were  given  an  automobile  ride  through 
the  delightful  boulevards  of  the  city  and  later  entertained  with 
a  tea  at  the  Country  Club. 

On  Wednesday  afternoon,  Oct.  30,  the  party  was  taken  by 
a  special  train,  provided  through  the  kindness  of  the  Ameri- 
can Steel  &  Wire  Co.,  to  the  Central  and  Newburg  plants  of 
that  company.  Mr.  B.  D.  Quarrie,  the  General  Superintend- 
ent, and  a  corps  of  assistants  piloted  the  party  in  groups  through 
both  plants.  The  return  to  headquarters  was  made  by  special 
trolley-cars. 

On  Wednesday  evening  a  banquet  to  more  than  a  hundred 
was  held  in  the  Assembly-Room  of  the  Hotel,  which  was  taste- 
fully decorated  with  flowers.  Mr.  D.  T.  Croxton,  the  genial 
toast-master,  contributed  largely  to  the  enjoyment  of  the 
occasion.  Informal  addresses  were  made  by  Capt.  Robert 
W.  Hunt,  W.  G.  Mather,  E.  W.  Parker,  E.  H.  Benjamin, 
Philip  N.  Moore,  Prof.  James  F.  Kemp,  and  Charles  Kirch- 
hoff.      Telegrams  of   greeting  were   sent  to   "Uncle"   John 

X  Papers  in  manuscript  form  available  for  consultation. 
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Fritz,  of  Bethlehem,  Pa.,  and  Dr.  R.  W.  Raymond,  at  Wash- 
ington, Conn. 

On  Thursday  afternoon,  Nov.  1,  the  members  and  guests 
were  taken  by  automobiles  to  the  extensive  plant  of  the  Na- 
tional Carbon  Co.,  where,  through  the  courtesy  of  Mr.  Henry 
A.  Barren,  the  General  Superintendent,  and  a  number  of  active 
assistants,  the  various  departments  were  visited  and  inspected. 

Through  the  kindness  of  E.  W.  Kronbach  of  the  National 
Carbon  Co.,  the  following  brief  description  of  the  interesting 
visit  is  here  given  : 

The  itinerary  started  with  an  inspection  of  the  company's  library,  which  contains 
practically  all  the  up-to-date  technical  literature,  magazines  and  books,  which  could 
in  any  way  help  its  employees.  The  arc-lamp  testing-laboratory  was  next  visited, 
where  several  hundred  arc-lamps,  representing  nearly  every  type  of  lamp  in  com- 
mercial use,  were  under  test  to  prove  the  carbon  electrodes.  In  the  room  above 
hundreds  of  dry  cells  were  being  tested  in  every  conceivable  way.  A  large  number 
of  these  cells  were  tested  merely  to  check  the  uniformity  of  the  daily  output,  while 
others  were  experimental  cells,  made  up  by  the  Research  Department,  to  improve, 
if  possible,  the  present  product. 

The  factory  was  then  visited  and  the  manufacture  of  dry  cells  watched  through 
the  various  processes  of  shaping  and  soldering  the  zinc  cans,  lining  them,  inserting 
the  electrode  tamping  the  mix,  soldering  on  the  binding-post,  and  finally  pouring 
in  the  seal.  The  several  careful  testing-methods  to  which  each  cell  is  subjected  to 
insure  that  only  perfect  cells  should  leave  the  factory  were  carefully  explained  and 
noted. 

The  route  then  lay  through  the  mixing-  and  grinding-rooms,  where  the  various 
ingredients  for  the  lighting-carbons,  electrodes,  brushes,  and  cells  are  thoroughly 
ground  and  mixed.  From  here  the  forcing-room,  where  all  the  arc-lamp  carbons 
are  forced  through  dies,  was  visited.  In  the  upper  end  of  the  building  the  brushes 
and  the  dry  cell  electrodes  are  molded  under  enormous  hydraulic' pressure.  The 
molding,  forcing  and  stamping  of  the  many  carbon  specialties,  such  as  contacts, 
plungers,  discs,  and  diaphragms  of  all  sizes  and  shapes,  created  a  great  deal  of  in- 
terest Next  was  visited  the  furnace-room,  containing  furnaces  to  bake  the  carbon 
products  and  impart  the  necessary  electrical  and  physical  properties. 

The  balance  of  the  work  seen  was  more  of  a  mechanical  nature,  and  consisted  in 
cleaning  from  the  adhering  packing-materials  the  carbon  products,  after  coming 
from  the  furnaces.  The  lighting-carbons  are  then  put  through  the  sorting,  gaug- 
ing and  coring  processes,  while  the  brushes  are  cut,  planed,  beveled  and  copper- 
coated,  according  to  the  demands  of  the  trade.  The  various  products  are  then 
wrapped,  packed  and  shipped. 

In  the  last  place  visited — the  brush-testing  laboratory — are  machines,  both  elec- 
trical and  mechanical,  to  test  the  brushes  thoroughly  before  shipping.  The  follow- 
ing tests  are  made  :  specific  resistance,  strength,  hardness,  density,  friction-tests  at 
various  speeds,  contact-resistance  tests  at  different  brush-pressures  and  current- 
densities. 

A  trip  to  the  ore-docks  of  M.  A.  Hanna  &  Co.  followed, 
and  the  party  viewed  with  awe  the  impressive  motions  of  the 
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Hewlett  unloader,  which  was  diseharging  with  its  massive 
17-ton  bucket  the  cargo  of  iron-ore  from  the  S.  S.  David  B. 
Meacham. 

Special  mention  should  be  made  of  the  attractive  and  inter- 
esting souvenir  program  prepared  by  the  Program  Committee 
under  Mr.  C.  B.  Murray,  Chairman,  This  small  volume,  cloth- 
bound  in  attractive  green,  contains  not  only  the  data  of  officers, 
committees,  titles  and  authors  of  papers,  and  other  matters 
of  routine  importance ;  but  also  a  brief  illustrative  description 
of  the  principal  buildings,  parks,  and  other  public  institutions 
for  which  Cleveland  is  noted. 

The  following  list,  doubtless  incomplete,  comprises  the  names 
of  members  and  guests  enrolled  at  Headquarters : 


Abbott,  Kobert  R.,  Cleveland,  Ohio. 
Ajnmoxi,  Mark  A.,  Cleveland,  Ohio. 
Applegate,  J.  S.,  Youngstown,  Ohio. 
Arluck,  A.,  Cleveland,  Ohio. 
Backert,  A.  O.,  Cleveland,  Ohio. 
Badger,  A.  C,  Cleveland,  Ohio. 
Bain,  H.  Foster,  San  Francisco,  Cal. 
Barren,  Henry  A.,  Cleveland,  Ohio. 
Barrows,  W.  H.,  Jr.,  Duluth,  Minn. 
Benjamin,  £.  H.,  San  Francisco,  Cal. 
Beyer,  C.  A.,  Cleveland,  Ohio. 
Blauvelt,  W.  H.,  Syracuse,  N.  Y. 
Bowler,  R.  P.,  New  York,  N.  Y. 
Braid,  Arthur  L,  New  York,  N.  Y. 
Braman,  H.  T,,  Youngstown,  Ohio. 
Brayer,  M.  S.,  Sharon,  Pa. 
Byrne,  J.  H.,  Cleveland,  Ohio. 
CaUender,  L.  W.,  Cleveland,  Ohio. 
Carey,  C.  8.,  Cleveland,  Ohio. 
Chute,  H.  O.,  New  York,  N.  Y. 
Clagett,  ThomM  H.,  Bluefield,  W.  Va. 
Coe,  W.  W.,  Roanoke,  Va. 
Collier,  L.  A.,  Cleveland,  Ohio. 
Collord,  George  L.,  Sharon,  Pa. 
Cook,  Edgar  S.,  Pottstown,  Pa. 
Coming,  C.  R.,  New  York,  N.  Y. 
Cox,  Jennings  S.,  Jr.,  Santiago  deCnba. 
CrafU,  W.  N.,  Cleveland,  Ohio. 
Crowell,  Benedict,  Cleveland,  Ohio. 
Croxton,  D.  T.,  Cleveland,  Ohio. 
Croxton,  Mrs.  D.  T.,  Cleveland,  Ohio. 
Croxton,  S.  W.,  Cleveland,  Ohio. 
Dalton,  H.  G.,  Cleveland,  Ohio. 
Danforth,  A.  E.,  Cleveland,  Ohio. 

[ 


D'Invilliers,  E.  V.,  Philadelphia,  Pa. 
Dunham,  L.  E.,  Cleveland,  Ohio. 
Dunham,  Mrs.  L.  E.,  Cleveland,  Ohio. 
Emmerton,  F.  A.,  Cleveland,  Ohio. 
Emmerton,  Mrs.  F.  A.,  Cleveland,  Ohio. 
Eustis,  Augustus  H.,  Boston,  Mass. 
Eustis,  W.  £.  C,  Boston,  Mass. 
Findley,  A.  I.,  New  York,  N.  Y. 
Ford,  E.  L.,  Youngstown,  Ohio. 
Fowler,  D.  D.,  Cleveland,  Ohio. 
Fruehauf,  P.  A.,  Cleveland,  Ohio. 
Fulton,  Charles  H.,  Cleveland,  Ohio. 
Fulton,  H.  F.,  Cleveland,  Ohio. 
Gayley,  James,  New  York,  N.  Y. 
Goodale,  Stephen  L.,  Pittsburg,  Pa. 
Gresham,  A.  L.,  New  York,  N.  Y. 
Griswold,  C.  L.,  Pittsburg,  Pa, 
Hale,  H.  C,  Cleveland,  Ohio. 
Hamilton,  J.  H.,  New  York,  N.  Y. 
Hansen,  N.  V.,  New  York,  N.  Y. 
Harrison,  H.  T.,  Cleveland,  Ohio. 
Haynes,  Elwood,  Kokomo.  Ind. 
Heston,  R.  P. ,  Toledo,  Ohio. 
Hibbard,  Henry  D.,  Plainfield,  N.  J. 
Hindshaw,  Henry  H.,  Alpena,  Mich. 
Hoyt,  W.  H.,  Cleveland,  Ohio. 
Humphrey,  Greorge  S.,  New  York,  N.Y. 
Humphrey,  Mrs.  G.  S.,  New  York,  N.  Y. 
Hunt,  Robert  W.,  Chicago,  111. 
Ireland,  J.  D.,  Duluth,  Minn. 
Ives,  L.  E.,  Cleveland,  Ohio. 
Jewitt,  F.  G.,  Minneapolis,  Minn. 
Johnson,  J.  E.,  Jr.,  Ashland,  Wis. 
Johnson,  Mrs.  J.  E.,  Jr.,  Ashland, Wis. 
10] 


Digitized  by 


Google 


PROCKEDINaS   07   THK   CLEVELAND   MEETING. 


1855 


Johnson,  Nason,  Alpena,  Mich. 
Kellj,  William,  Vulcan,  Mich. 
Kelly,  Mrs.  William,  Vulcan,  Mich. 
Kemp,  James  F.,  New  York,  N.  Y. 
King,  Paul  H.,  Philadelphia,  Pa. 
Kirchhoff,  Charles,  New  York,  N.  Y. 
Kirchhoff,  Mrs.  Chas.,  New  York,  N.Y. 
Knapp,  G.  F.,  Cleveland,  Ohio. 
Koehler,  William,  Cleveland,  Ohio. 
LaFoIlette,  H.  M.,LaFollette,  Tenn. 
Laist,  Frederick,  Anaconda,  Mont. 
Lake,  E.  F.,  Cleveland,  Ohio. 
Lash,  Horace  W.,  Cleveland,  Ohio. 
Ledoux,  A.  R.,  New  York,  N.  Y. 
Lihme,  L  P.,  Cleveland,  Ohio. 
Livingston,  J.  B.,  Cleveland,  Ohio. 
Longyear,  E.  J.,  Minneapolis,  Minn. 
Lyon,  D.  A.,  Pittsburg,  Pa. 
McKee,  A.  G.,  Cleveland,  Ohio. 
Macon,  W.  W.,  Brooklyn,  N.  Y. 
Malcolmson,  James  W. ,  Kansas  City,  Mo. 
Marshall,  S.  W.,  Johnstown,  Pa. 
Marting,  H.  A.,  Ironton,  Ohio. 
Mather,  Samuel,  Cleveland,  Ohio. 
Mather,  W.  G.,  Cleveland,  Ohio. 
Menke,  Paul  O.,  Sharon,  Pa. 
Merry,  H.  G.,  Cleveland,  Ohio. 
Miller,  L.  B.,  Cleveland,  Ohio. 
Moore,  Philip  N.,  St.  Louis,  Mo. 
Motter,  W.  D.  B.,  Jr.,  Trenton,  Ont. 
Murray,  C.  B.,  Cleveland,  Ohio. 
Murray,  Mrs.  C.  6.,  Cleveland,  Ohio. 
Parker,  Edward  W.,  Washington,  D.  C. 
Parrock,  H.  P.,  Buffalo,  N.  Y. 
Pecanka,  William,  Cleveland,  Ohio. 
Pelton,  J.  8.,  New  York,  N.  Y. 
Pfeiffer,  George  W. ,  Santiago  de  Cuba. 
Pierce,  C.  B.,  Cleveland,  Ohio. 
Pitkin,  S.  H.,  Akron,  Ohio. 
Pitkin,  Mrs.  S.  H.,  Akron,  Ohio. 
Playter,  Franklin,  Boston,  Mass. 
Price,  J.  D.,  New  Straitsville,  Ohio. 
Price,  John  M.,  Cleveland,  Ohio. 
Rand,  Charles  F.,  New  York,  N.  Y. 
Rand,  Mrs.  Chas.  F.,  New  York,  N.  Y. 
Ranney,  W.  B.,  Lakewood,  Ohio. 


I  Rattle,  William,  Jr.,  Cleveland,  Ohio. 

Read,  J.  B.,  Cleveland,  Ohio. 

Reinhardt,  G.  A.,  Cambridge,  Mass. 

Reitz,  J.  C,  West  Park,  Ohio. 
I  Richards,  F.  B.,  Cleveland,  Ohio. 

Robinson,  C.  Snelling,  Young8town,Ohio 

Roeber,  E.  F.,  New  York,  N.  Y. 

Sawyer,  Willard  N.,  Cleveland,  Ohio. 

Schoefer,  C.  A.,  Cleveland,  Ohio. 

Schumacher,  Dr.  W.,  Berlin,  Germany. 

Schniewind,  Dr.  F.,  Englewood,  N.  J. 

Sheridan,  R.  6.,  Cleveland,  Ohio. 

Sherrerd,  J.  M.,  Easton,  Pa. 

Stillwagon,  S.  C,  Cleveland,  Ohio. 

Smith,  Albert  W.,  Cleveland,  Ohio. 

Spilsbury,  E.  Gybbon,  New  York,  N.Y. 

Stay,  T.  D.,  Cleveland,  Ohio. 

Stebbins,  H.  S. ,  Cleveland,  Ohio. 

Stock,  H.  H.,  Urbana,  Dl. 

Stoughton,  Bradley,  New  York,  N.  Y. 

Stoughton,Mr8.Bradley,  NewYork,N.  Y. 

Struthers,  Joseph,  New  York,  N.  Y. 

Sweetser,  R.  H.,  Columbus,  Ohio. 

Sweetser,  Mrs.  R.  H.,  Columbus,  Ohio. 

Taylor,  Knox,  High  Bridge,  N.  J. 

Taylor,  Mrs.  Knox,  High  Bridge,  N.  J. 

Tex  tor,  Oscar,  Cleveland,  Ohio. 

Textor,  R.  B.,  Cleveland,  Ohio. 

Thropp,  J.  E.,  Jr.,  Indiana  Harbor, Ind. 

Thropp,  Mrs.  J.  E,  Jr.,  Indiana  Harbor. 

Treat,  F.  H.,  Cleveland,  Ohio. 

Vallat,  B.  W.,  Ironwood,  Mich. 

Van  Horn,  Frank  R.,  Cleveland,  Ohio. 

Vogel,  Felix  A.,  New  York,  N.  Y. 

Volk,  Kari  E.,  West  Park,  Ohio. 

Walther,  Fred.  F.,  Cleveland,  Ohio. 

Weld,  C.  M.,  Low  Moor,  Va. 

Wellman,  S.  T.,  Cleveland,  Ohio. 

Wendel,  Edmund,  Cleveland,  Ohio. 

Whelan,  M.  T.,  Cleveland, Ohio. 

Wood,  C.  L.,  Cleveland,  Ohio. 

Wood,  Walter,  Phihidelphia,  Pa. 

Yergason,  H.  B.  B. ,  Cincinnati,  Ohio. 

Yoeum,  G.  A. ,  Cleveland,  Ohio. 

Zapffe,  Carl,  Brainerd,  Minn. 

Zay,  Jeffries,  Cleveland,  Ohio. 
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Sullivan  'Ughtweighr  Drills 


Labor     Save  Time     Save  Power 


Cylinder  diameter,  2^". 
Weight,  155  lbs. 
Capacity,  holes  to  10  ft. 

Sullivan  Lightweight 
drills  are  handled  by  one 
man;  drill  as  fast  as  a 
3-in.  or  2>]/i  !"•  two-man 
machine,  and  use  20  to  25 
per  cent,  less  air  per  foot. 

The  sectional  view 
shows  some  of  the  feat- 
ures which  make  Light- 
weight drills  so  popular. 
Among  these  are 

X.  Automatic  lubrication. 

a.  Piston  head  8^^  in.  long,  with 

5|  in.  stroke — providing  great 

resistance    to    side-play   and 

wear. 
Reversible  steel  shell. 
Drop-forged  steel  front  head. 
Counterbored  cylinder. 
Sold  ring  ratchet  with  steel  collar. 
Rear  bearing  for  rifle  bar. 
Side  rod  valve  chest  and  hard* 

ened  steel  chest  bushings. 
Equalizer  for  side  rod  tension. 

Bulletin  No.  866F. 


Air  Compressors 

Hammer  DriUs      Hoists 
Diamond  Core  DriUs 


Sullivan  Machinery  Co. 


Denver 
El  Paso 


Spokane 
San  Francisco 
London 
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W.  &  L.  E.  QURLEY 

TROY,  N.  Y. 

LARGEST   MANUFACTURERS    IN   AMERICA 

OF 

Field  Instruments  for  Mining  and  Qvil  Engineers 


Also  nakers  of  ACCURATE  THERMOMETERS 

PHYSICAL  AND  SCIENTIFIC  LABORATORY  APPARATUS 
STANDARD  WEIGHTS  AND  MEASURES 

BRANCH  FACTORY,  No.  3x5  MARITIME  BUILDING,  8BATTLB,  WASH. 
Send  for  Qurley's  Manual 
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For  Mining  Operations 
In  New  York  City 


Four  "  Electric- Air  "  Deep  Hole  Drills  (as  here 
illustrated)  and  thirty  standard  "Electric- 
Air"  Rock  Drills  have  been  purchased  by  the 
contractor  for  the  Kensico  Dam  of  tlie  New 
York  Aqueduct. 

Decision  in  favor  of  the  "  Electric- Air  "  machines 
was  reached  in  this  case  after  a  careful  in- 
vestigation had  shown  that  great  econo- 
mies would  be  realized,  aa  compared  with 
air  driven  and  steam  driven  drills. 

A  similar  investigation  of  your  mining  problem 
may  point  the  way  to  the  adoption  of  *'  Eleo- 
tric-Air"  Drills. 


INGERSOLL- 
RANDCO. 


NEW  YORK 

LONDON 

Offices  in 

All  Principal 

CItiM  of  th»  World 

COMPRESSORS 

COAL  CUTTERS 

ROCK  DRILLS 

STOPE  DRILLS 

7-E.  A.  D. 
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PERFORAXHD    MBTAInrS 

of  €rver>    clet^crlptfon 


MINING  SCREENS 

^  Used  in  sizing  Ores,  Coal,  Stone,  Crushed  and  Ground  Minerals 
and  other  products. 

5[  STANDARD  SIZES  of  holes  varying  by  millimetres,  fractions, 
or  decimals  of  an  inch  in  metal  of  any  thickness  to  one  inch  Steel 
Plates. 

5[  MANGANESE  BRONZE  or  MONEL  screens  for  acidulated 
mine  waters.  ,«, 

The  "H.  &  K.  P.  CO."  SCREENS  typify  accuracy,  precision 
of  alignment,  capacity  and  durability — they  are  dependable. 

Sort  of  let  this  sink,  into  your  mind. 

The  very  "Cream"  of  the  screen  business  in  the  "Americas" 
comes  to  the  HARRINGTON  &  KING  PERFORATING  COM- 
PANY'S plant. 

There  must  be  some  good  reason  for  the  marked  preference 
shown  for  their  products  by  the  largest  and  most  progressive  com- 
panies in  the  country. 

Everywhere  you  hear  it— THE  HARRINGTON  &  KING  PER- 
FORATING CO.— "the  real  up-to-the-minute"  Screen  makers, 
for  the  practical  men  who  have  to  do  with  the  Mining  Industry. 

WHAT  IS  THE  REASON?     THINK  IT  OVER* 

The  Harrington  &,  King  Perforating  Co. 

621  North  Unioii  Street  CHICAGO,  ILL. 

New  York  OfBce:  114  Ubertj  Street 
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THE  SLOOMH  OF  THE  CMMEROfl^"  CHMBMCTEB :   THE  GHMHDEST  THIHO" 

CAMERON  PUMPS 

HAVE  SUCCESSFULLY  MET 
EVERY  PUMPING  NEED 

They  have  met  it  time  and  again,  in  scores  of  the  thousands 
of  installations  where  the  **  CAMERON  "  is  now  in  suc- 
cessful operation. 

Cameron  Pumps  have  been  tried  out  for  over  half  a  cen- 
tury in  every  comer  of  the  globe.  During  that  time  they 
they  have  met  and  conquered  practically  every  conceivable 
condition  of  service. 

Their  unbroken  record  of  dependability — their  reputation 
for  "standing  up'*  under  hard  strains — ^is  largely  due  to  a 
remarkable  simplicity  of  design — ^the  fewness  of  their  work- 
ing parts — the  fact  that  none  of  them  are  exposed. 

The  wide  period  over  which  the  manufacture  of  the 
Cameron  Pump  has  extended,  has  covered  a 
process  of  very  careful  improvement,  resulting 
in  an  increased  efficiency.  It  possesses  those 
features  of  design  and  construction  which 
make  the  "CAMERON*'  the  most  rugged 
and  efficient  pump  on  the  market. 


Complete 

Catalogr   No.  5 

sent  on  request 

to  interested 

pump  users. 


A.  S.  Cameron  Steam  Pump  Works 

11  Broadway,  New  York 
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THE  ISBELL 
UniverssJ  Concentrator 

MEANS 
A  Mill  Without  Classification 


tiai**>>li*iiiii*iiiiii 


Takes  feed  direct  from  8  mesh  or  finer  screen, 
or  regrinding  mill 

Saving  mineral  that  will  pass  200  mesh  or  finer. 

Producing  clean  concentrates  and  tailings. 

Handling  from  50  to  1 00  tons  of  ore  per  day. 

Saves  mill  space,  labor,  power,  water,  repairs, 
freight  charges  and  expense  of  installation. 

Obviates  the  use  of   jigs,  classifiers,  sizers  and 
vanners. 


p  f f f f »f f if f  I 


WRITE  US  FOR  FURTHER  INFORMATION. 

Isbell  Mining  Machinery  Co. 

Siiite  1111,  Investment  Bldg. 
LOS   ANGELES,    CAL. 
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Weston  Ammeters  &  Voltmeters 

FOR  A,  C,  MINING  iSERVICE 

These  intbmmenU  are  of  the  same  standard  qiuJity  and  possess 
the  same  features  of  dmrability  and  workmanship  as  the  weU- 
knoum  Weston  standard  D.  C  instmments.  They  are  so  low 
in  price  as  to  be  within  the  reach  of  all  users  of  electrical 
measnring  instruments. 

Weston  A.  C.  instruments  are — 

Dead  Beat 

Extremely  Sensitive 

Practically  Independent  of 

Wave  Form  and  Temperature 

Error,  and  require  very  little 

Power  to  operate 


Ec&FMSwitchboafd 
I^*  C*  iQstnsniCQt 


FOR  D.C.  CIRCUITS  OF  SMALL        SwU^^A.C 
MINE  PLANTS  Lutrameiit 

Weston  Eclipse  Ammeters,  Milliammeters 
AND  Voltmeters 

are  well  suited.  They  are  of  the  **  soft-iron  '*  or  Electro- 
magnetic type,  remarkably  accurate,  well  made,  nicely 
finished,  and  especially  low  in  price.  Weston  Eclipse  in- 
struments are  far  in  aovaiice  of  all  preceding  forms  of  the 
soft-iron  types. 

Write  for  catalogue  and  information. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

WAVERLY  Park,  Newark,  N.J. ,  u.  S.  a. 

N«w  York  Office  :  114  Liberty  Street. 

London  Branch  :  Audrey  House,  Ely  Place,  Holbom. 

Paris,  Franco  :  E.  H.  Cadiot,  12  Rue  St.  Georges. 

Berlin  :  European  Weston  Instrument  Co.,  Ltd.,  Schoneberg,  Genest  Str.y  5. 
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For  a  REUABLE 

Conveyor  Belt 
—the  GOODRICH 


HERE\S  no  more  REUABLE  con- 
veyor belt  on  the  market  than  tlie 
Cioodrich.     Every  foot,  yes,  every  inch  of 
a  GtKulrich  Qjnveyor  Belt  is  dependable. 
If  you  want  reliability  in  any  part  of  your  equip- 
ment, you  surely  want  it  in  a  conveyor  bell. 

GOODRICH  CONVEYOR  BELTS 

live  up  perfectly  to  the  Goodrich  reputation  for  RELIABILITY  and  uniformity. 
They  are  not  excelled  by  any  other  product  of  the  **  largest  rubber  factory  in  the 
world." 

The  Goodrich  reputation  is  back  of  each  belt.  Each  belt  combines  the  best 
of  material  with  the  best  workmanship  and  long  Goodrich  experience. 

Each  belt  is  **  longlived  "  and  costs  least  per  ton  of  material  handled. 

Write  today  for  the  experience  of  conveyor  belt  users ;  see  what  they  say 
about  Goodrich  reliability. 

The  B.  F.  Goodrich  Company 

AKRON.  OHIO 


CHROME  STEEL  WORKS 

!  CHROME.  N.J. .U.S. A. 


Adamantine  Chrome  Steel 

For  Stamp  Mill  Wearing  Parts 


Canda 

Self-Locking 

Cams 


Canda  Patent  Cam 


SHOES  AND  DIES 

(hydraulic  comprbsssd) 

TAPPETS 

BOSSHEADS 

Canda  Cams  are  easily  adjusted  to 
the  ordinary  Cam  Shaft  All  Cams 
are  interchangeable  on  the  same 
shaft.  Absolutely  Self-Locking. 
Will  never  work  loose. 

Over  10,000  Canda  Self-Locking 
Cams  now  in  service. 

Send  for  iiluttrated  pamphlet 
"  Chrome  Steel  Stamp  Mill  Parts  *' 

Represented  by : 
J.  F.  Spellman, 

First  Nat'l  Bank  Bldg.. 

Denver,  Ool- 
G.  W.  Myers,  Kohl  Bldg., 

San  Francisoo,  OaL 
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First  Motion  Winding  Engines 

•  EQUIPPED  WITH 

Nicholson   Device  for  Prevention  of  Overwinding. 

Send  for  new  catalog — just  from  tko  press. 

Vulcan  Iron  Works  ■  -  Wokes-Barre,  Pa. 


BUCKEYE  STEAM  ENGINES 

Reliability  is  a  feature  which  has  made  them  favorites  in 
the  mining  world.  The  simplicity  of  design  and  ease  with 
which  they  are  operated  in  either  direct  connected  or  belted 
service,  render  them  pajring  investments. 


When  in  need  of  power  write  us. 


Horse  Powers  from  50  up. 


BUCKEYE  ENGINE  CO.,  salem,  ohio 


STEAM 


GAS 
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The  Standard 

Wire  Rope 

^4|^ 

for  Mining 

^^^^^ 

BARE  AND  INSULATED  ^ 

fi^^^uir^ 

IRON,   STEEL  AND       ^MM 

Mj^bkJ^r 

COPPER  WIRE            ^^PKj 

?^^^^r  For  Plio** 
^^^r  and  oth*r 
^^T  Information, 
r                    addr«ss 

^^ 

John  A.  Roebling's 
Sons  Co. 

TRENTON,  N.  J. 

^^r                       stock   Shipments  from  a^enoUs 
and  branches  throughout  the  country 

ALPHABETICAL  AND  ANALYTICAL 

INDEXES 

To  the  Transactions  of  the  American  Institote  of  Mining  En^^ 

VOLUMES  I  to  XXXV— 1871  to  1904 
706  pagss,  6  by  9  inchos. 

Bound  In  cloth, $5.00 

Bound  In  ha  If- morocco, $6.00 

VOLUMES   XXXVI  to  XL— 1906  to  1909 
186   pagss,  6   by  9  Inchos. 

Bound  In  cloth, $1.50 

Bound  In  half- morocco, $2.50 

Tmken  togetber  these  two  indexes  funiish  in  oonveaient  form  for  readj 
reference  everything  of  importance  contained  in  the  TranMctiofw,  and  ^Te 
to  both  member  and  non-member,  whether  poBsessing  a  set  of  the  TrawnxMoM 
or  not,  the  means  of  ascertaining  at  a  minimum  expenditnre  of  time  and 
trouble  the  exact  contents  of  the  volumes  on  anj  given  subject  of  special 
interest 

Sent,  prepaid,  on  receipt  of  price  by 

The  American  Institute  of  Mining  Engineers, 

29  West  39tk  StrMi,  Now  York. 
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STURTEVKNT 


NEWAYGO    DRY   SCREEN 

ONE  TO  FOUR  PRODUCTS  FROM  A  SINGLE  SEPARATOR 

RANQC  OF  OUTPUT  4  TO  180  MC8H 

LC88  THAN   ONE  HOR8C  POWER  TO  DRIVE 

COAR8E  ME8H   U8ED  TO  08TAIN   FINE  OUTPUT 

Large  Capacity  -.*  Accnxate  Prodact  *.-  Small  Wear  *.*  Perfect  Vibration 
Send  for  Catalogue 

STURTEVANT  MILL  CO.,  BOSTON,  MASS. 


The  Roessler  &  Hasslacher 
Chemical  Company 


Works 
PERTH  AMBOY,  NEW  JERSEY 


100  WiUiam  Street 
NEW  YORK 


Cyanide  98-99% 

(Old  standard)  39%  Cyanogen* 

Cyanide  of  Sodium  i28-i3o% 

(New  standard)  52%  Cyanogen* 
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Mining  Transits  and  Levels 

The  "Baff "  is  the  simplest  instroment  to 
take  apart  in  the  field — ^for  lubricating 
centers  or  cleaning. 

Send  for  Catalog  No.  33 

BUFF  &  BUFF  MFG.  COMPANY 

Jamaica  Plain  Station,  MASS. 


The  Automatic  Safety  Mine-Car  Cager 

FOR  COAL  OR  ORE  MINES 
Prevents  delays.     Eliminatee  accidents.     Increasee  output     Decreaaea  csats. 

Edgar  G.  Banta,  Sole  Sales  Agent,  Fairbanks  Bldg. 
SPRINGFIELD,  OHIO 

Manofactured  by  The  Mining  Safety  Device  Co.,  Bowerston,  Ohio 


ACCURACY  IN  MEASUREMENTS 

is  best  obtained  throuf  h  the  use  of 


fUFK/N 


MEASURING  TAPES 

%  The  more  severe  the  test,  the  better  their  showiof . 
For  eale  by  all  dealers.    Send  for  Catalof  ue. 


LONDON.  KNG. 


\  MICH,.  U.  S.  M. 


WINDSOR.  CAN. 


CONVEYOR  BELTING 

YOU    WILL  GET   LONG,    HARD    SERVICE   OUT  OP   OUR    SELTING,    BECAUSE 
WE    PUT   SO    MUCH    QUALITY    INTO    IT. 

RIDGWAY'S    HINGE    EDGE    BELT    FOR   TROUGH    CONVEYING   IS    MADE    BY 
US    EXCLUSIVELY. 

WE     ALSO     MAKE     BELTING     FOR     BUCKET     CONVEYORS.    AND     REGULAR 
STYLES   OP  CONVEYOR    BELTING. 

Write  for  descriptive  matter,  prices,  etc. 

QUAKER    CITY    RUBBER    COMPANY 

Philadelphia         Chicago         Pittsburgh         New  York 
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BEER,  SONDHEIMER  &  CO. 

Fran kfort-on- Main,  Germany 

NEW   YORK   OFFICE       -       -       42   BBOAI>WAY 

Zinc  Ores,  Carbonates,  Sulphides  and  Mixed  Ores,  Copper  Ores, 
Copper  Matte,  Copper  Bullion,  Lead  Bullion,  Lead  Ores,  Antimony 
Ores,  Iron  and  Manganese  Ores,  Copper,  Spelter,  Antimony,  Anti- 
monial  Lead,  Sulphate  of  Copper,  Arsenic,  Zinc  Dust. 

Own  Smeltinsr  and  Befininsr  Works 


L  VOGELSTEIN  &  CO. 

42  BroMlway  NEW  YORK 

BUYERS,  SMELTERS 
AND  REFINERS  OF 

Ores  and  Metals  of  All  Glass< 

Agents  for: 
Ar«n  Hirsch  ft  Sohn,  Halbcrstadt,  Qennany. 

United  States  Metals  Refiainr  Co^  Chrome,  N.  T.  and  Oraeselli,  Ind. 
American  Zinc,  Lead  ft  Smeitinf  Co.,  Caney  and  Dearinf ,  Kansas. 
Kansas  Zinc  Co.,  La  Harpe,  Kansas. 
The  Blectrolytic  Refiniof  ft  Smeitinf  Co.  of  Australia,  Ltd.,  Port  Kembla,  N.  S.  W. 


Chicago-Rawhide 
Pinions 

The  b«at  tliat  aelected  material  and  careful 

'•_  .-^liir^  workmanship  can  produce 

The  Chicago  Rawhide  Mfg.  Co. 

1301  Ekton  Avenue  CHICAGO,  ILL. 

A  Durable  Metal  Goatmg  for  all  Metallic  Surfaces 

SEMPLE'8  BLACK  OXIDE  PAINT 
LASTS  FROM  6  TO  10  YEARS 

Air,  acid  and  water  proof.  Sulphur  water  does  not  feaxe  it.  Kills  rust 
already  formed  and  prevents  rust  formation.  Dries  readily  when  applied 
to  dry  or  wet  surfaces  and  will  not  run  when  surface  is  frosty.  Bakes 
fast  to  hot  stacks. 

PRICE  $1.00  PER  GALLON. 

Manufactured  by 

Bsubiished  1870.  F«  G.  SEMPLEy  South  Bethlehem,  Pa. 


'■■") 
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MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY   | 


ALUS-CHALMERS  COMPANY 

Milwaukes,  Wisoonsin. 

MINING   MACHINERY  of  Every  Type.    Complete 
Power  and  Electrical  Equipments. 


ANSON  G.  BEHS 

NEW 

Troy,  N.Y, 

Electrolytic    Lead    Refining;      Zinc    Recovery    from 

PROCESSES 

Complex   Ores;      Laboratories   for  Metallurgrical  Re- 

search. 

BUCKEYE 

STEAM 
ENGINES 


BUCKEYE  ENGINE  CO. 

Saism,  Ohio. 

Buckeye  Engines  are  reliable  because  of  the  simplicity 
of  design  and  ease  with  which  they  are  operated  in 
either  connected  or  belted  service.  When  in  need  of 
power  write  us. 


PUMPS 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  Now  York. 

•  CAMERON  VERTICAL  PLUNGER  SINKING 
PUMPS,  for  shaft  sinking.  CAMERON  HORIZON- 
TAL PLUNGER  STATION  PUMPS,  for  handling 
gritty  water. 


AIR 

COMPRESSORS 

PNEUMATIC 

TOOLS  AND 

APPLIANCES 


CHICAGO  PNEUMATIC  TOOL  CO. 


Chioago. 


London. 


New  York. 


AIR  COMPRESSORS,  ROCK  DRILLS,  HAMMER 
DRILLS,  PNEUMATIC  HAMMERS,  ELECTRIC 
and  PNEUMATIC  DRILLS  and  APPLIANCES. 


MECHANICAL 

LEATHER 
SPECIALTIES 


THE  CHICAGO  RAWHIDE  MFG.  CO. 

1301   Elston  Ave.,  Chioago,  III. 

BELTING,   Lace   Leather,  Rawhide   Rope,  Rawhide 

Mallets  and  Hammers,  Hydraulic  Packing. 

WE    ORIGINATED    THE    RAWHIDE    PINION. 
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CHROME  STEEL  WORKS 

Chrome,  N.  J. 

SHOES 

Adamantine   Chrome   Steel    SHOES    and    DIES    for 

AND 

Stamp   MiUs.      CANDA    SELF- LOCKING    CAMS; 

TAPPETS;  BOSSHEADS;  CAM  SHAFTS;  STAMP 

DIES 

STEMS. 

THE  DENVER  FIRE  CLAY  CO. 

Denver,  Colo.  Salt  Lake  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIFIERS,  MufBes,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  Cata- 
logue. 


ASSAYERS 

AND 
CHEMISTS 
SUPPLIES 


DENVER  ROCK  DRILL  &  MACHINERY  CO. 

Denver,  Colo.        El  Paso,  Tex.        New  York  City. 
Salt  Lake  City,  Utah.  San  Franolsoo,  Cai. 

MANUFACTURERS  OF  WAUGH  DRILLS. 


ROCK  DRILLS 

DRILL 
SHARPENERS 

AIR  METERS 

STEEL  HOSE 

ETC. 


GENERAL  ELECTRIC  CO; 

Soheneotady,  N.  Y. 

ELECTRIC  MINE  LOCOMOTIVES.     ELECTRIC 
MOTORS  for  Operating  Mining  Machinery. 


ELECTRIC 

MINE 

LOCOMOTIVES 


GOODMAN  MANUFACTURING  CO. 

Chioago,  Illinois. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


CLECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


THE  B.  F.  GOODRICH  CO. 

Akron,  Ohio. 

Goodrich  "Longlife"  "Economy"  A  "Grainbelt"  CON- 
VEYOR BELTS  will  handle  more  tons  per  dollar  of 
cost  than  any  other  belts  made. 


CONVEYOR 
BELTS 
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PERFORATED 
METALS 


HARRINGTON  &  KING  PERFORATING  CO. 

621  North  Union  St.,  New  York  Offfloo : 

Chioago.  III.,  U.  S.  A.  114  Uborty  St. 

Manufacturers  of  Perforated  Metal  Mining  Screenaof 
every  description,  and  for  screens  df  all  kinds. 

See  advertisement  on  page  4. 


SPELTER 

ILLINOIS  ZINC  CO. 

SHEET  ZINC 

Peru,  III. 

SULPHURIC 

Manufacturers  of   SPELTER,    SHEET    ZINC    and 

ACID 

SULPHURIC  ACID. 

COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  Now  York. 
«Retum-Air"  Pamps,  Coal  Shearers,  Pneumatic  Hoists, 
'•Blectric-Air*'  Drills,  Coal  Punchers,  Pneumatic  Tools, 
'*Calyx"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


ISBELL 
CONCENTRATOR 


ISBELL  MINING  MACHINERY  CO. 

Los  Angolos,  Cal. 

Manu&cturers  of  the  ISBELL  UNIVERSAL  CON- 
CENTRATOR.   Write  for  ftirther  information. 


PUMPING 
MACHINERY 


THE  JEANESVILLE  IRON  WORKS  CO. 

Hazolton,  Pa. 

Builders  of  High-grade  Pumping  Machinery — Direct* 
Acting,  Ply- Wheel,  and  Centrifugal  lor  elevator,  mine 
and  waterworks  service. 


THE  JEFFREY  MFG.  CO. 

COAL 

Columbus,  Ohio. 

MINING 
MACHINERY 

Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Conveyors,  Fans,  Hoists, 
Pumps,  etc. 
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LEAD  LINED  IRON  PIPE  CO. 

Wakefield.  Mass. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — for  Acids  and  Corrosive  Waters. 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 


A.  LESCHEN  &  SONS  ROPE  CO. 

IMBaaiNIMHTBAES 

RMrTwfc  Oicaf*  St.  Louis,  Mo.  D««w  SuFnadK* 
Producing  WIRE  ROPE  of  qualities  and  construction 
adapted  to  every  condition  of  wire  rope  service,  includ- 
ing the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  constructions.  Systems  of  Aerial 
Wire  Rope  Tramways  for  the  economical  transportation 
of  any  material. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


MACOMBER  &  WHYTE  ROPE  CO. 

Chloago,  III. 

York        Plttobars        Kaium  Cltj 


Portland 

Manufacturers  of  High  Grade  Wire  and  Wire  Rope  for 
every  purpose.  Sole  makers  of  Patent  Kilindo  Non- 
routing,  ** Monarch"  and  MacWhyte  Wire  Ropes. 
Lawson  Looped  Section  Tramways. 


WIRE   ROPES 

AERIAL 
WIRE  ROPE 
TRAMWAYS 

BLOCKS   FOR 
WIRE  ROPE 


MASHEK  ENGINEERING  CO. 

90  Wost  St.,  Now  York. 
Complete  plant  equipments  4,  8,  x6  and  35  tons  of  a  to 
3  oz.  smokeless  and  odorless  briquettes  per  hour.   Com« 
plete  plants  designed  and  erected. 


BRIQUETTING 
MACHINERY 


THE  MINING  SAFETY  DEVICE  CO. 

Edgar  C.  Banta,  Sprlngflold,  Ohio. 

Sole  Sales  Agent  for  the  Automatic  Safety  MINE-CAR 
CAGER,  manufactured  by  The  Mine  Safety  Device  Co. 
Prevents  injury  to  eager.  May  be  used  on  tipples  and 
inclines  or  in  slope  mines.  Increases  output  and  de- 
creases cost. 


AUTOMATIC 

SAFETY 

MINE-CAR 

CAGER 


OTIS  ELEVATOR  COMPANY 

Elovonth  Avo.  and  Twonty-Sixth  St.,  Now  York. 

OPPICES   IN  ALL  PRINCIPAL  CtTICS  OP  THE  WORLD. 

Build  and  erect  all  types  of  Freight  and  Passenger  Ele- 
vators— for  all  kinds  of  power; — including  Furnace 
Hoists,  Inclined  Railways,  and  Special  Hoisting  Equip- 
ments and  Machines  for  Mining  use.  Correspondence 
invited. 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 
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CONVEYOR 
BELTING 


QUAKER  CITY  RUBBER  COMPANY 

Philadelphia,  Pa. 

We  are  the  sole  manufacturers  of  Ridgway  patented 
Hin^e  Edge  Belt  for  trough  conveying.  We  also  manu- 
facture regular  styles  of  Conveyor  Belt.  Belting  for 
Bucket  Elevators  a  specialty.  Tell  us  your  belting 
problems. 


ROBINS 

BELT 

CONVEYORS 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Parle  Rew,  New  Yorlc. 

Messiter  ORE  BEDDING  Systems— FURNACE 
FEEDERS;  SORTING  BELTS,  and  many  other 
special  applications  of  what  was  the  Pioneer  and  is  the 
Standard  Belt  Conveyor;  Coal  Handling  Systems; 
Electric  Locomotives ;  Hoisting  Machinery. 


WIRE 
ROPE 


JOHN  A.  ROEBLING'S  SONS  CO. 

Tranton,  N.J. 

WIRE  ROPE  for  mining  work.    Stock  shipments  ftom 
agencies  and  branches  throughout  the  country. 


POSITIVE 

PRESSURE 

BLOWERS 

VACUUIM  AND 
ROTARY  PUMPS 

GAS 
EXHAUSTERS 


P.  H.  &  F.  M.  ROOTS  CO. 

Connersviile,  Ind. 
Manufacturers  of  the  Roots  Positive  Pressure  Blowers 
for  Smelting,   Foundry  and  Filtration  Work.     Write 
for  Catalogue. 


SEMPLE'S 
BLACK 
OXIDE 
PAINT 


F.  G.  SEMPLE 

South    Bethlehem,  Pa. 

Manufacturer  of  SEMPLE'S  BLACK  OXIDE  PAINT. 
A  DURABLE  metal  coating  for  all  metallic  surfaces. 
Price  $z.oo  per  gallon. 


CRUiBHING 

GRINDING 

SCREENING 

■MACHINERY 


STURTEVANT  MILL  CO. 

Boston,  IMass. 

STURTEVANT  Steel  Plate  Crushers,  Balanced  RoUs, 
Ring-Roll  Pulverizers,  Newaygo  Screens,  Laboratory 
Crushers,  Rolls  and  Screens. 
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SULLIVAN  MACHINERY  CO. 

122  South  Michigan  Ave.,  Chleago,  III. 
Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Fans. 


ROCK   DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


VULCAN  IRON  WORKS 

Wilkes- Barra.  Pa. 

Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Hoist- 
ing and  Haulage  Engines,  Mining  Machinery,  etc. 
Nicholson  Device  for  Prevention  of  Overwinding, 


MINE 
HOISTS 


WESTINGHOUSE  ELECTRIC  &  MFG.  CO. 

Pittsburg,  Pa. 

ELECTRIC 

The  Westinghouse  EQUALIZER  HOISTING  SYS- 

HOISTS 

TBM  will  solve  your  hoisting  problems. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark,  N.J. 

Weston  Eclipse  AMMETERS,  MILLIAMMETERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 


AMMETERS 

AND 

VOLTMETERS 


DIRECTORY  CARDS 

RATE  FOR  PUBLICATION  OF  CARDS  IN 
THE  DIRECTORY  OF  MINING  AND  METAL- 
LURGICAL EQUIPMENT  WILL  BE  QUOTED 
ON    REQUEST. 


RATES 


THESE  CARDS 

comprise  a  concise  statement  concerning  the  product 
of  each  firm  and  are  published  with  a  view  to  fur- 
nishing members  of  this  Society  with  a  reference  list. 


REFERENCE 
LIST 
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PRaFESSIONAL  CARDS 


ALDRIDGE,  WALTER  H. 

Contultinr  Mining  and 
If  •tallurglcal  Engln 


14  WaU  Street 


NEW  YORK 


ARMSTEAD,  Henry  Howell 

Consulting  Engineer 

29  Broadway 

NEW  YORK 

Apartado  65,  Ouanajuato,  Mexico 


BEATTY,  A.  CHESTER 

Consulting  IMInIng  Engineer, 

71  Broadway, 

NEW  YORK,  N.  Y. 

Cable  Addbets: 

GrenKlc. 


COULDREY,  PAUL  S. 

Mining  Engineer 

General  Superintendent 
Cbrro  db  Pasco  Mimzko  Co. 

CERRO  de  PASCO,  PERU 
SOUTH  AliERICA 


6ARZA-ALDAPE,  J.  M. 

Mining  and  Metallurgloal  Engineer 

Reports  on  Mexican  Mines 

Address  :  Calle  de  Bodrigaes  No.  5 
(P.  O.  Box  No.  225) 

TORREON-COAHUILA-MEXICO 


OREENE,  FRED  T. 

SllTer  Bow  Club,         BUTTS,  MONT. 


BREWER,  WM.  M. 

€Jon9uUing  Miming  Mngineer 

mnd  Ct^oiogist, 

P.  0.  Box  701.  VICTOBIA,  B.  C. 

Connected  with  the  Tyee  Copper  Co.,  Ltd. 


BURCH,  H.  KENYON 

Heehanleal  and  Hetallnrrlcal  Engineer 
Consnltatlons 
Sole  314,  CeatnJ  BdlAw.  LOS  ANGELES.  CAL. 

I>eslffner  and  Builder  of 
Power,  Holstlnv,  Pumplnip, 
Cruahinc  and  MUlln*  PUnta. 

c„«Haiti*.  Concentration  of  Ores, 
specialties  Economic  Handling  of  Materials. 


HALL,  EDWIN 

LUSK,  WY0MIN6 

Mining  Engineer.  Wyming  Oils  and 
Copper  a  specialty 


CHANNIN6,  J.  PARKE 


Consulting  Engineer, 


43  Broadway,  NEW  YORK. 


HAMMOND,  JOHN  HAYS, 

Consulting  Engineer, 

71  Broadway,  NEW  YORK. 

Codes  Bwlford^eMII. 


transactions  op  the 
American  lostHiste  of  Mining  Engfineen. 

COIXECTIVE  INDEXES 

Vols.  I.  to  XXXV.,  CI.,  $5;  %  Mor.  |6w 
Vols.  XXXVI.toXL.,Cl..$x.so:  H  Mor.Se.sow 
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HANKS,  ABBOT  A. 

Chemist  and  Assayer 

Esubliahed  x866 

Control  and  Umpire  Assftys,  Superrl- 
sion  of  Sampling  at  Smelten,  Chemical 
Analyses   of  Ores,    Minerals,    Mineral 
Waters,  etc. 

630  8MTuieito  81    San  Franoisoo,  Cal. 

KLEPETKO,  FRANK 

Consulting  Engineer 
Mining  and  Metallurgy 

42  Broadway               NEW  YORK 

HARDMAN,  JOHN  E. 

Consulting  Mining  Engineer, 
112  St  James  St 

liONTREAL,  CANADA. 

LAW,  PAUL  W. 

Mining  and  Consulting  Engineer 

Real  del  Monte,    HIDALGO,  MEXICO 
Apabtado  No.  8 

HAWXHURST,  ROBERT,  Jr. 

Mining  Engineer 

c/o  International  Banking  Corp'n 
36  Bishopsgate  St. 

LONDON,  E.  C,  ENGLAND 

LEDOUX  &  COMPANY 

Assayers  and  Samplers 

99  John  Street,            NEW  YORK 

Independent  Sampling  Works 

New  York  and  J  ereey  City 

Bepresentatives  at  all  refineries  and 

smelters  on  Atlantic  seaboard 

HOYLE,  CHARLES 

Mining  Engineer, 
Apartado  8,  £1  Oro, 

ESTADO  DE  MEXICO,  MEXICO. 

LOWE,  HENRY  P. 

Consulting  and  Mining  Engineer, 
CENTRAL  CITY,  COLORADO. 

Bedford  McNeUl  Code. "  Lowk.  Dwt  kb." 

JENNINGS,  E.  P. 

Consulting  Mining  Engineer, 

607  Newhouse  Building, 

SALT  UKE  CITY,  UTAH. 

Mines  Management  Company 

and  Mine  Kaaa^rs 
60  Broadway                NEW  YORK  CITY 

Branchbs  : 

Cable  Address:                              Code: 
"Minmanco"                        Bedford-McNeill 
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MYERS,  DESAIX  B. 

Mining  Engineer 

321  Stoiy  Building 

LOS  ANGELES 


PARKER,  RICHARD  A. 


Conenlting  iiining  Engineer 


929  Foster  Building 


DENVER 


RICKETTS  &  BANKS, 

80  Maiden  Lane,  New  York, 

iiining,  MeUllurgical  and 

Clieniloal  Engineers. 

Exnninftdon  of  Properties.  Testing  of  Ores 
for  Best  Process  of  Treatment.  ConsaltatiMi 
in  MinlncMetnUurgical  and  MiUiag  Piactke. 

RICHARDS,  ROBERT  H. 
Or»  J>re09img 

Masaachuaetu  Institute  of  Technology 

BOSTON,  liASS. 


RIORDAN,  D.  M. 

OmntuiHnff  JBmgineer, 

Mining  Investigations  especially  carefnlly 
made  for  responsible  intending  investors. 

City  Invattinf  Bldg..  MB  Broaiway,  NawYarli. 


Howard  Poillon  C.  H.  Poikibr 

POILLON  &  POIRIER 

Mining  Engineers 

25  Broad  Street 

NEW  YORK  CITY 


PORTER  W.  SHIMER  &  SON 

Metallurgical  Chemists 

ESTABLISHBD  Z885 

AmJvsss  ef  ine,  ilssl,  and  etksr  Mtaii,  aieit. 
il  tout  cska,  ciiiiei,  water,  elc 


CONSULTATION 

iNvmiGATioN     EASTON,  PENN'A 


RAYMOND,  ROSSITER  W. 

Mining  Engineer  and  Metalinrglst 

29  West  Thirty-Ninth  Street 

NEW  YORK 


SPILSBURY,  E.  GYBBON, 

Conaultlng,  OItU.  KOnlng 
and  Ketallnrgloal  Engineer, 

45  Broadway,  NEW  YORK. 

Gable  Address:  " BpUroe,**  Kew  Tmrk, 


REVETT,  BEN  STANLEY 

Mining  Engineer 

Alluvial  Mining 

AND  Installations 

BRECKENRIDGE,  COLORADO 
Cable:  "Dredger" 
(Mi:  Bedford-McNeil 


SYMMES,  WHITMAN 

Mining  Engineer 

YIROINIA  CITY,  NEVADA 

Supt.  United  Comstock  Pamping  Asm. 
Supt.  Mexican  Mine,  Union  Mine,  etc. 
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TREDWELL,  WILBUR 

WEED,  M.  B. 

Mining  Engineer 

Mining  Engineer 

PHCNIX,  ARIZONA 

LANDER.  WYOMING 

IN  PRCPARATION-A  NEW  VOLUME  ON 

ORE-DEPOSITS 

A  corUinuatum  of  the  *^Fo9epny**  Volume 

Comprising  Papers  Descriptive  of  Ore-Deposits  and  Discussions  of 
their  Origin,  Edited,  with  an  Introduction,  by  Dr.  S.  P.  Emmons. 

The  volume  coDtains  also  a  Biographical  Notice  of  Dr.  Emmons  by  his 
associate  and  friend^  Dr.  George  F.  Becker,  and  a  comprehensive  Biographi- 
cal Index  of  the  Science  of  Ore-Deposits,  prepared  by  rrof.  John  D.  Irving, 
of  the  Sheffield  Scientific  School  of  Yale  University. 

For  deUdU  concerning  time  of  jmblicaUony  price,  etc.,  addreee 

AMERICAN  INSTITUTE  OP  MINING  ENGINEERS 

39  West  agth  Street,  New  York,  N.  Y. 


BLUE  ENAMELED  PIN 


GOLD  CROSS  HAMMERS 


SEAL  FOB 


'THE  AMERICAN  INSTITUTE  OP 
^  MINING  ENGINEERShas 
adopted  no  official  badge,  the  posses^ 
sion  of  which  is  proof  of  membership. 
Numerous  designs,  however,  have  been 
executed  for  temporary  use,  and  of  these 
the  three  here  shown  have  proved  so 
convenient  and  attractive  that  many 
members  continue  to  wear  them  as  per- 
sonal ornaments.  To  this  there  is  no 
objection ;  and  these  badges  will  be  sent 
postpaid  to  Members  and  Associates  on 
the  receipt  of  the  price  by  New  York 
check,  or  Postal  Money  Order,  in  favor 
of  the  Secretary,  as  follows : 

Blue  Enameled  Button,  silver,  $0.75 ;  gold,  $2.60  ; 
White  Enameled  Button  for  officers,  gold,  $2.60 ; 
Gross-Hammers,  gold,  $2.75 ;  Seal  Watch-Fob^  dl- 
vgUt,  $2.60  ;  sUver,  $4.00 ;  gold,  $12  to  $20. 
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MANY  MERITORIOUS  FEATURES 
are  found  only  in 

Jeanesville  Centrifugal  Mine  Pumps 


Consider, 

for  example, 

These  Points 
Of  Superiority 


Split  Casing  with  Suction  and  Discharge  Openings  in  the  Lower  Half,  which 
permits  examining  the  interior  without  disturbing  piping  connections. 

External  Bearings  with  Renewable  Split  Bushings  facilitating  aligning  and 
repairing. 

Double  Suction  Enclosed  Impellers  securing  perfect  balance  and  the  highest 
efficiency. 

Removable  Bronze  Wearing  Rings  around  the  Suction  Openings,  easily  replaced 
when  worn. 

Acid  Resisting  Metal  for  all  exposed  parts  when  handling  acid  mine  water. 

Many  other  advantages  peculiar  to  the  numerous  individual  types  we  build  are 
explained  in  Catalog  J  40-40. 

Perhaps  you  have  a  copy.     If  not,  give  us  your  address ;  here's  ours  : 


THE   JEANESVILLE   IRON  WORKS  CO. 


HAZLETON,  PA. 


IB 


Branch  OflSces  In  All  Principal  Cities 


J.  167.8 
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Double  Compartment  Picking  TobUa  for  Handling  Egg  and  Lump  Coal, 

Operators  Are  Constantly  Asking  Us: 

"HOW  CAN  WE  INCREASE  THE 
VALUE  OF  OUR  COAL?" 

Jeffrey  Combination  Picking  Tables  and  Loading  Booms 

solve  the  problem  of  delivering  Coal  that  is  free  from  im- 
purities and  excessive  breakage. 

The  Pan  Type  Conveyers  or  Picking  Tables  handle  the  coal 
with  minimum  breakage  after  it  is  received  from  the  screens, 
and  are  so  built  as  to  permit  the  pickers  to  work  on  either  or 
both  sides,  also  on  top  of  conveyer,  to  examine  the  larger 
sizes  as  it  travels  along. 

The  Adjustable  Loading  Booms  Eliminate  dust  and  breakage 
in  loading  to  railroad  cars,  the  coal  being  lowered  into  all 
types  of  cars  with  practically  no  droppage. 

Mequest  our  New  Bulletin  No*  43,  on  thUi  subject* 

The  Jeffrey  Manufacturing  Company 
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New  York       Montreal        Charleston,  W.  Va.       Binningham       St.  Louis       Seattle 
Bostoo  Pittsburgh       Atlanta,  Ga.  Chicago  DeoTer         Philadelphia 


Digitized  by 


Google 


BULLETIN  OF  THE 
AMERICAN  INSTITUTErffSTTe^'*' 
MINING  ENGINEE£S^°g:::L°'i.».... 

No.  72 DECEMBER 1912 

PUBLISHED  MONTHLY 

BY  THE  AMERICAN  INSTITUTE  OP  MINING  ENGINEERS 

at  xa4  to  xa8  N.  Seventh  St.,  Philadelphia,  Pa. 

Gay  R.  Overend,  Publication  Manager. 

Editorial  Office,  ag  West  39th  St.,  New  York,  N.  Y. 

JOSEPH  STRUTHERS,  Ph.D.,  Editor. 

Cable  address,  '*  Aime/'-  Western  Union  Telegraph  Code. 

Subscription  (including  postage), $zo per  annum;  to  members  of  the  Institute,  public 

libraries,  educational  institutions  and  technical  societies,  $5  per  annum. 

Single   copies   (including   postage),  $z   each;    to  members   of  the   Institute,  public 
libraries,  etc.,  50  cents  each. 

Entered  as  second  class  matter,  October  16,  1911,  at  the  post  office  at 
Philadelphia,  Pa.,  under  the  Act  of  March  3,  1879. 


TABLE   OF   CONTENTS. 

SECTION  I.     INSTITUTE  ANNOUNCEMENTS. 

SECTION  II.    TECHNICAL  PAPERS. 

[The  Amerioan  Institute  of  Mining  Engineers  does  not  assume  responsibility 
for  any  statement  of  fact  or  opinion  advanced  in  iU  papers  or  discussions.  ] 

PAGB 

Ko.  1.  The  Microstructure  of  Iron  and  Steeli  By  William  Campbell,  .  1357 
No.  2.  Notes  on  the  Metallography  of  Alloys.  By  William  Campbell,  1381 
No.  3.     The  Action  of    Various  Commercial  Carbonizing-Materials.     By 

Robert  R.  Abbott, 1407 

No.  4.     The  Constitution  and  Melting-Points  of  a  Series  of  Copper-Slags. 

By  Charles  H.  Fulton, 1457 

No.  6.     Recent  Developments  in  the  Inspection  of  Steel  Rails.    By  Robert 

W.  Hunt, 1487 

No.  6.  The  Concentration  of  Iron-Ores.  By  N.  V.  Hansell,  .  .  .  1497 
No.  7.    A  Graphic  Solution  of  D'Arcy's  Formula  for  the  Tranfimission  of 

Compressed  Air  in  Pipes.  By  Nathaniel  Herz,  .  .  .  1519 
No.  8.     The  Sulphatizing-Roasting  of  Copper-Ores  and  Concentrates.     By 

Utley  Wedge, 1623 

No.  9.     The  Development  of  the  Parkes  Process  in  the  United  States.     By 

Ernst  F.  Eurich, 1531 

No.  10.  Discussion  of  Mr.  Johnson's  paper,  The  Effect  of  Alumina  in  Blast- 

Fumace  Slags.     By  R.  H.  8weets£R,  and  Others,    .         .         .  1541 
f^      No.  11.  Discussion  of  Mr.  Ammon's  paper.  Measurements  and  Relations  of 
jj^  Hardness  and  Depth  of  Carbonization  in  Case- Hardened  Steel. 

*^  By  J.  E.  Johnpon,  Jr.,  and  Bradley  Stou<Jhton,    .        .        .  1553 

No.  12.  Discussion  of  Mr.  Howe's  paper.  Notes  on  Ruff's  Carbon-Iron  Equi- 
^  librium  Diagram.     By  J.  £.  Johnson,  Jr.,  and  Others,  .        .  1555 

No.  13.  Discussion  of  Mr.  Stou^hton's  paper.  Notes  on  Titanium,  and  the 

Cleansing- Effect  of  Titanium  on  Cast- Iron.     By  J.  E.  Johnson, 

Jr.,  and  Jambs  F.  Kemp, 1559 

No.  14.  Discussion  of  Mr.  Sweetser's  paper.  Blowing- In  a   Blast-Fumace. 

Bv  J.  E.  Johnson,  Jr., 1561 

No.  15.  Discussion  of  Professor  Sauveur  and  Mr.  Reinhardt's  paper,  Notes 

on  the  Case-Hardening  of  Special  Steels.  By  Robert  R.  Abbott,  1563 
No.  16.  Discussion  of  Mr.  HanselPs  paper.  By  £.  G.  Spilsbury,  and  Others,  1565 
No.  17.  Discussion  of  Mr.  Abbott' 8  paper.  By  H.  D.  Hibbabd,  .  .  ,  1569 
No.  18.  Discussion  of  Mr.  Hunt's  paper.  By  H.  D.  Hibbard,  and  Others,  1571 
No.  19.  Index  of  Titles  and  Authors  of  the  BuUeiin  for  the  Year  1912,         .  1575 

All  communications  concerning  the  contents  of  this  Bulletin  should  beS 
addressed  to  JOSEPH  STRUTHERS,  Ph.D.,  Secretary  and  Editor,  29  W. 
39th  St.,  New  York,  N.  Y. 


ii  MoNTHLT  Bulletin,  No.  72,  December,  1912. 

OFFICERS. 

For  the  year  ending  February,  1913. 
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JAMES  F.  KEMP New  York,  N.  Y. 

(Term  expiies  Febra&ry,  1913.) 

Vicb-Pbesidents  of  the  Counoil. 

8.  B.  CHRISTY Berkeley,  Cai* 

R  V.  NORRIS Wilkes-Babrs,  Pa- 

GARDNER  F.  WILLIAMS Washingtok,  D.  a 

(Term  expires  Febnuiry,  1913.) 

KARL  EILERS J^ew  York,  N.  Y. 

WALDEMAR  LINDGREN Washington,  D.  C. 

BENJAMIN  B.  THAYER New  York,  N.  Y. 

(Term  expires  Febrn&ry,  1914.) 

COUKCILORS. 

EGBERT  E.  JENNINGS New  York,  N.  Y. 

WILLIAM  KELLY Vulcan,  Mich. 
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Christy,  Albert  L.  Colby,  Nathaniel  H.  Emmons,  Charles  H.  Fulton,  James 
Gayley,  H.  O.  Hofman,  Henry  M.  Howe,  Walter  R.  Ingalls,  James  F.  Eemp, 
R  V.  Norris,  Edward  D.  Peters,  Rossiter  W.  Bajrmond,  Joseph  W.  Richards, 
Robert  H.  Richards,  Albert  Sauveur,  Henry  L.  Smyth,  Arthur  L.  Walker. 

Iron  and  Sieel  Dvmmon : — Charles  KirchhofiF,  Chairman;  Charles  F.  Rand,  Vtee- 

Chairman;  Bradley  Stonghtop,  Secretary;  John  Birkinbine,  James  Gayley,  Henry 

D.  Hibbard,  Henry  M.  Howe,  Robert  W.  Hunt,  Julian  Kennedy,  Charles  K. 

Leith,   Richard  Moldenke,   Joseph   W.  Richards,   Albert  Sauveur,   F.  W.   C. 

Schniewind,  A.   A.  Stevenson,  Felix  A.  Vogel,  Leonard  Waldo,  William  R. 

Webster. 

CORPORATION. 

Finance : — Charles  F.  Rand,  James  Gayley,  George  C.  Stone. 

Library : — James  F.  Eemp,  Charles  EirchhofF,  George  C.  Stone. 

Land  FuTid: — James  Douglas,  Chairman;  Theodore  Dwight,  TVeasurer;  T.  F. 
Cole,  Anton  Eilen,  James  Grayley,  John  Hays  Hammond,  Charles  Eirchhoff, 
Albert  R.  Ledoux,  Frank  Lyman. 


INSTITUTE  REPRESENTATIVES. 

UwiUd  Engineering  Society  Trustees .'— Joseph  Struthers  (1913),  Theodore  Dwight 
(1914),  James  F.  Eemp  (1915). 

Joinl  Conference  Committee  of  the  Four  NaJtional  Engineering  Societies:— J a,meB 
F.  Eemp,  Joseph  Struthers. 

John  FritM  Medal  Board  of  Award:— K  Gybbon  Spilsbury  (1913),  R  V.  Norris 
(1914),  Charles  Eiichhoff  (1916),  J.  F.  Eemp  (1916). 

American  Association  for  the  Advancement  of  Science : — H.  O.  Hofman,  John  D. 
Irving. 

Committee  No.  24,  Intematumal  Assodaiion  for  Testing  Materials : — Henry  D.  Hib> 
bard. 

Intemaiional  Engineering  Congress,  San  Francisco^  1915  : — Samuel  B.  Christy, 
William  C.  Ralston,  Edwin  T.  Blake. 

Kelvin  Memorial  Committee : — James  F.  Eemp,  Samuel  B.  Christy,  James  Doug- 
las, Joseph  Struthers.  

LOCAL  SECTIONS. 

New  York. — George  F.  Eunz,  Chairman;  Louis  D.  Huntoon,  Seeretary'Treasurer, 
166  Broadway,  New  York,  N.  Y. 

Boston. — Robert  H.  Richards,  Chairman;  Augustus  H.  Eustis,  iSlaeretary-2V€os- 
tirer,  131  State  St.,  Boston,  Mass. 

Spokane. — R.  S.  McCaffery,  Chairman;  L.  E.  Armstrong,  Seeretary-Treantrerf 
Spokane,  Wash. 

Puget  Sound, — Chester  F.  Lee,  Chairman;  Joseph  Daniels,  Seeretary-Dreaswrerf 
UDiversity  of  Washington,  Seattle,  Wash. 
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Affiliated  Student  Societies. 

Any  society  of  undergraduates  at  a  technical  school,  comprising 
students  in  any  branch  of  engineering,  metallurgy,  chemistry,  geol- 
ogy, etc.,  may  be  recognized  by  the  Council  in  its  discretion  as  an 
Affiliated  Student  Society.  A  circular  giving  details  of  the  plan  of 
affiliation  may  be  obtained  on  application  to  the  office  of  the  Sec- 
retary of  the  Institute. 

The  following  societies  have  been  placed  by  authority  of  the 
Council  on  the  above  list : 

Affiliated  Student  Societies. 

The  Mining  Society  of  the  Sheffield  Scientific  School,  Yale  Uniyeisitj,  New 
Haven,  Conn.     President^  Karl  C.  Stadtmiller ;  Secretary^  S.  R  Qordy. 

The  University  of  Illinois  Student  Branch  of  the  American  Institute  of  Mining 
Engineers,  Champaign,  111.   President^  Leonard  V.  Newton  ;  SeereUxry^  L.  W.  Swett. 

The  Engineering  Society  of  the  University  of  Nevada,  Beno,  Nev.  iVesident, 
D.  £.  Brace ;  Secretary^  B.  M.  Seaton. 

The  University  of  Wisconsin  Mining  Club,  Madison,  Wis.  PreMeiU,  Rudolph 
J.  Stengl ;  Secretary ^  Mack  G.  Lake. 

The  Mining  and  Geological  Society  of  Lehigh  University,  South  Bethlehem, 
Pa.     President,  Willis  B.  Clemmitt ;  Secretary,  W.  Clifford  Rehfuss. 

The  School  of  Mines  Society  of  the  University  of  Minnesota,  Mimiei^poliB, 
Mmn.     President,  C.  A.  Walker ;  Secretary,  A.  C.  Bierman. 

The  Mining  Engineering  Society  of  the  Massachusetts  Institute  of  Technology. 
PresideTit,  L.  B.  Duke ;  Secretary,  Lionel  H.  Lehmaier. 

The  Student  Auxiliary  Society  of  the  American  Institute  of  Mining  Enfineen 
of  the  University  of  Kansas,  Lawrence,  Kan.  President,  A.  H.  MangelBdorf ; 
Secretary^  C.  J.  Halnbach. 

The  Associated  Miners  of  the  University  of  Idaho,  Moscow,  Idaho.  Prtsidmlf 
James  W.  Gwinn ;  Secretary,  J.  Wallace  Strohecker. 

The  State  College  of  Washington  Mining  and  Geological  Society,  PuUmaOy 
Wash.    President,  H.  R  Doelle ;  Secretary,  B.  R.  Kinney. 

The  Tejas  Technical  Society,  School  of  Mines,  University  of  Texas.  iVest- 
dent,  G.  C.  Cartwright ;  Secretary,  David  S.  Alley. 

The  Ohio  State  University  Student  Branch  of  the  American  Institute  of  Mining 
Engineers,  Columbus,  Ohio.     President,  Hugh  B.  Lee ;  Secretary,  K  P.  Elliott 

The  Stanford  Geology  and  Mining  Society,  Stanford  University,  OaL  PretidmU^ 
B.  E.  Parsons ;  Secretary,  E.  D.  Nolan. 

The  Senior  Mining  Society  of  Columbia  University,  New  York,  N.  Y.  PrmdmU^ 
Roger  L.  Strobel ;  Secretary,  Clark  G.  Mitchell. 

Mining  Association  of  the  University  of  California,  Berkeley,  CaL  i\m- 
dent,  Frank  L.  Wilson ;  Secretary,  Stanley  L.  A  mot 

Tufts  College  Chemical  Society,  Tuf U  College,  Mass.  President,  P.  G.  Savage ; 
Secretary,  W.  S.  Frost. 

University  of  Washington  Mining  Society,  Seattle,  Wash.  President,  Oliver 
P.  Searing ;  Secretary^  Albert  R.  Sherman. 

Student  Branch  of  the  American  Institute  of  Mining  Engineers,  Iowa  State 
College,  Ames,  Iowa.     President,  M.  B.  Hadley  ;  Secretary,  R.  h.  Hurst 

Missouri  Mining  Association  of  the  Missouri  School  of  Mines,  RoUa,  Mo. 
President,   L.  S.  Copelin ;  Secretary,  L.  J.  Boucher. 

The  Pick  and  Shovel  Club  of  the  Case  School  of  Applied  Science,  Cleveland, 
Ohio.     President,  L.  B.  Riddle  ;  Secretary,  S.  C.  Stillwagon. 

Colorado  School  of  Mines  Scientific  Society,  Golden,  Colo.  President^  Alan 
Kissock ;  Secretary,  George  Wilfley. 

Mining  Engineering  Society  of  the  University  of  Arixona,  Tucson,  Ariz.  iVesi- 
dent,  James  jT  Flanigan  ;  Secretary,  H.  O.  Coles. 

Kentucky  Mining  Society,  College  of  Mines  and  Metallurgy,  University  of  Eea- 
tucky,  Lexington,  Ky.     President,  W.  R  Hobson ;  Secretary,  L.  V.  Martin^ ^Tp 
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Final  Adjourned  Annual  Business  Meeting. 

The  following  abstract  of  the  minutes  of  the  final  Adjourned  An- 
nual Business  Meeting,  held  Nov.  12,  1912,  in  the  office  of  the  In- 
stitute, 29  West  39th  Street,  New  York  City,  is  here  presented  for 
the  information  of  the  membership  at  large. 

On  the  announcement  by  the  Secretary  that  there  was  a  quorum 
present,  President  James  F.  Kemp  called  the  meeting  to  order. 
The  minutes  of  the  Adjourned  Annual  Business  Meeting  of  Oct.  7, 
1912,  were  read  and  approved.  (See  p.  xi,Bulletin  No.  71,  November). 

Prof.  Jos.  W.  Richards,  in  behalf  of  the  Special  Committee  of  the 
Board  of  Directors  and  the  Council  (Messrs.  Richards,  KirchhoflF, 
and  Rand),  withdrew  the  two  proposed  amendments  to  the  Consti- 
tution oflFered  by  the  said  Committee  at  the  Adjourned  Annual 
Business  Meeting  of  Oct.  7,  1912.  (See  Bulletin  No.  70,  October, 
1912,  p.  vi.,  and  Circular  Announcement  No.  8,  Oct.  15,  1912,  p.  15.) 

Professor  Richards  presented  a  syllabus  of  the  proposed  amend- 
ments to  the  Constitution  and  By-Laws  prepared  by  the  Special 
Committee.  Several  members  present  discussed  various  sections 
of  the  proposed  Constitution,  and  the  Committee  advised  that 
the  suggestions  would  be  duly  considered  before  submitting  the 
final  document,  which  would  be  duly  presented  and  sent  to  the 
membership  at  large  at  least  30  days  before  the  next  Annual  Busi- 
ness Meeting,  Feb.  18,  1913. 

Professor  Richards  presented  a  resolution,  seconded  by  Mr.  Kirch- 
hoff,  making  a  change  in  the  present  Certificate  of  Incorporation,  so 
that  it  would  conform  to  the  proposed  changes  in  the  Constitution 
and  Bv-Laws ;  said  resolution  was  unanimously  adopted. 

Professor  Richards  presented  another  amendment  to  the  Consti- 
tution, which  had  been  purposely  omitted  from  the  printed  list,  but 
had  been  requested  by  many  members,  namely,  the  creation  of  a 
"Class  of  Fellows."  This  question  was  freely  discussed  at  the 
Cleveland  meeting  (see  BuUetin  No.  71,  November,  1912,  p.  1348), 
and  in  view  of  the  diversity  of  opinion  it  was  decided  to  present  it 
in  separate  form  for  separate  action  of  the  membership  at  large  at 
the  Annual  Business  Meeting,  Feb.  18,  1913. 

In  answer  to  question,  the  President  announced  that  the  proposed 
amendments  to  the  Constitution  and  By-Laws  presented  by  Messrs. 
Corning  and  Stone  at  the  Adjourned  Annual  Business  Meeting,  Oct. 
7,  1912,  and  published  in  Circular  Announcement  No.  8,  Oct.  15, 
1912,  were  still  on  record. 

Professor  Richards  presented  a  syllabus  of  the  proposed  amend- 
ments to  the  By-Laws,  and  several  sections  were  discused  by  mem- 
bers present,  but  no  action  of  record  was  taken. 

Mr,  Charles  F.  Rand  read  a  letter  from  Mr.  L.  K.  Armstrong,  Sec- 
retary of  the  Spokane  Local  Section  of  the  Institute,  referring  to  the 
proposed  amendments  to  the  Constitution,  and  he  announced  that 
many  of  Mr.  Armstrong's  suggestions  were,  in  one  form  or  another, 
already  incorporated  in  the  proposed  amendments  submitted  by  the 
Special  Committee. 

A  special  vote  .of  thanks  was  passed  to  Dr.  Albert  R.  Ledoux  for 
the  valuable  iassistance  rendered  by  him  to  the  Special  Committee 
in  the  preparation  of  the  proposed  amendments  to  the  Constitution 
and  By-Laws. 
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Iron  and  Steel  Division. 

COMMITTEE. 

Charles  Kibchhoff,  OiairmafL 

Charles  F.  Rand,  Vice'Chairman. 

Bradley  Stouohton,  Seeretaryf  165  Broadway,  New  York. 

John  Birkinbine,  Robert  W.  Hunt,  F.  W.  G  Schniewind, 

James  Gkiylej,  Julian  Kennedy,  A.  A.  Stevenson, 

Henry  D.  Hibbard,  Richard  Moldenke,  Felix  A.  Vogel, 

Henry  M.  Howe,  Joseph  W.  Richards,  Leonard  Waldo, 

Charles  K.  Leith,  Albert  Sauveur,  William  R.  Webster. 

At  the  invitation  of  William  R.  Webster,  of  Philadelphia,  a  num- 
ber of  prominent  metallurgists,  engineers  of  maintenance  of  way, 
and  railroad  officials  met  on  the  evening  of  Nov.  7  under  the  aus- 
pices of  the  Iron  and  Steel  Committee  of  the  Institute,  at  the  head- 
quarters, for  the  informal  presentation  of  a  paper  by  Benjamin 
Talbot,  Managing  Director  of  the  Cargo  Fleet  Works,  at  Middles- 
brough, England.  It  was  the  first  occasion  on  which  Mr.  Talbot 
had  personallv  described  his  process  for  producing  solid  steel  ingots, 
recently  developed,  with  special  reference  to  ingots  for  rails  and 
heavy  sections  of  structural  material. 

Mr.  Talbot  analyzes  the  problem  of  segregation  and  of  the  forma- 
tion of  cavities  and  blow-holes  in  steel  ingots  and  the  influence  of 
modem  rail  practice  upon  these  defects.  Mr.  Talbot  declared  it  to 
be  his  experience  that  in  rolling  rails  the  difference  of  size  of  ingots 
does  not  affect  !the  question  of  segregation,  cavities,  or  blow-holes. 
He  holds  that  the  use  of  very  large  ladle-heats  is  distinctly  a  step  in 
the  wrong  direction,  since  very  large  nozzles  must  be  used. 

So  far  as  the  elimination  of  blow-holes  is  concerned,  soundness 
in  the  ingots  may  be  secured  by  the  well-known  powerful  deoxi- 
dizers,  aluminum,  silicon,  and  lerro-titanium.  They  all  produce 
solid  steel  except  for  the  large  central  cavity.  They  all  diminish 
segregation.  Mr.  Talbot  therefore  reasoned  that  if  a  deoxidizer 
such  as  aluminum  were  used  to  eliminate  the  blow-holes  in  the 
outer  envelope  of  the  ingot,  and  the  ingot  or  the  top  portion  thereof 
were  reduced  while  the  center  was  liquid,  the  central  pipe  would 
not  form.  Mr.  Talbot  has  therefore  adopted  the  following  method 
of  procedure :  An  ingot  of  at  least  20  by  24  in.  in  cross-section  is 
used  and  2  oz.  of  aluminum  to  the  ton  of  steel  is  added  as  the  ingot 
is  being  poured.  Aluminum  is  preferred  as  the  deoxidizer  because  o  * 
its  low  cost  and  its  low  melting-point.  It  causes  a  perfectly  sounc 
outer  envelope  to  be  formed,  and  the  metal  solidifies  earlier  than  il 
no  deoxidizer  were  used.  The  ingot  can  therefore  be  stripped  ear- 
lier. It  is  then  put  into  the  soaking-pit  to  allow  the  envelope  to 
become  thicker,  and  at  the  same  time  to  attain  a  surface-tempera- 
ture proper  for  compression.  The  20  by  24  in.  ingot  is  then  reduced 
in  the  blooming-mill  to  about  18  by  18  in.  section,  while  the  center 
is  still  liquid.  After  this  compression  the  ingot  is  returned  to  the 
soaking-pit  for  a  proper  heating  and  solidifying  of  the  mass,  and 
when  this  has  been  accomplished  it  is  rolled  down  into  a  bloom, 
cropped,  and  passed  to  the  rail-mill. 

In  analyzing  and  taking  sulphur-prints  from  the  face  of  the  com- 
pressed ingot,  which  was  cut  longitudinally  through  its  center,  Mr. 
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Talbot  made  an  interesting  discovery.  He  found  that  when  an 
ingot  was  compressed  while  the  center  was  liquid,  no  segregation 
developed  in  the  center  of  the  upper  part,  as  is  usual,  but  that  it 
was  dnven  to  the  internal  face  ot  the  solid  envelope  in  a  fairly  reg- 
ular percentage  over  the  entire  liquid  area. 

The  solid  outer  envelope  consists  of  the  normal  steel  of  the  heat 
and  is  about  3  in.  thick.  The  carbon  in  this  portion  is  from  0.65 
to  0.70  per  cent.  The  carbon  in  the  segregated  inner  skin  is  higher, 
being  from  0.75  to  0.80  per  cent.,  while  the  center  is  softer,  with 
about  0.50  per  cent.  The  sulphur  and  phosphorus  also  vary  in 
these  strata,  but  as  the  phosphorus  is  low  in  this  steel,  it  was  not 
considered. 

The  rail  produced  from  the  ingots  so  treated  has  the  same  charac- 
teristic formation  as  the  squeezed  ingot,  viz. :  a  hard  working-face, 
a  harder  ring  at  the  back  of  it,  and  a  softer  center. 

It  is  the  question  of  this  new  formation  which  rail-manufacturers 
must  discuss  with  railroad  engineers  and  metallurgists.  If  they 
accept  this  new  structure  with  the  guarantee  that  with  this  forma- 
tion they  have  no  pipe  in  the  rail,  then  it  will  be  for  manufacturers 
te  consider  the  laying  down  of  the  necessary  preparatory  plant  to 
accomplish  this  liquid  compression  of  the  ingot,  as  it  cannot  be 
properly  accomplished  in  any  existing  rail-mill  without  largely  de- 
creasing the  output.  So  far  the  rails  produced  by  this  method 
have  successfully  passed  the  drop  test  of  the  British  Standard  Spe- 
cifications, 

Mr.  Talbot's  paper  was  accompanied  by  a  series  of  photographs 
and  tables  of  analyses,  which  will  form  a -part  of  the  final  paper  to 
be  printed  at  a  later  date.  In  the  animated  discussion  which  fol- 
lowed, Dr.' Henry  M.  Howe,  A.  A.  Stevenson,  E.  F.  Kenney,  Dr.  P. 
H.  Dudley,  W.  C.  Gushing,  Max  H.  Wickhorst,  Henry  D.  Hibbard, 
Bradley  Stoughton,  and  others  participated. 


New  York  Local  Section. 

Executive  Committee. 

George  P.  Kunz,  Chaii-man, 

E.  Gybbon  Spilsbury,   Vice- Chairman. 

Thomas  Robins. 

H.  J.  Seaman. 

Louis  D.  Huntoon,  Secretary- Treasurer, 

Meeting,  Nov.  22,  1912. 

The  November  meeting  of  the  New  York  Section  of  the  American 
Institute  of  Mining  Engineers  was  held  in  the  rooms  of  the  Insti- 
tute, 29  West  39th  Street,  Friday  evening,  Nov.  22,  1912.  The 
meeting  was  called  to  order  by  the  Chairman,  Dr.  George  F.  Kunz. 

By  invitation.  Prof.  J.  W.  Richards,  Chairman  of  the  Committee 
appointed  by  the  Institute  to  prepare  a  revised  Constitution  and 
By-Laws,  gave  a  brief  synopsis  of  the  changes  which  the  Commit- 
tee has  adopted. 

The  speaker  of  the  evening,  Mr.  N.  H.  Darton,  Geologist  of  the 
U.  S.  Bureau  of  Mines,  presented  a  paper  entitled.  The  Structure  of 
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the  Northern  Anthracite  Basin  Relative  to  Form  of  Folds,  which 
was  illustrated  by  many  lantern-slides.  An  abstract  of  this  paper 
and  the  subsequent  discussion  follows: 

The  principal  feature  of  this  paper  was  a  map  showing  the  struc- 
ture of  the  coal-basin  by  means  of  contour-lines.  This  map  was 
prepared  incidentally  in  connection  with  an  extensive  study  of  the 
origin  of  coal-gas  and  the  geological  conditions  under  which  that 
gas  occurs.  The  Northern  anthracite-field  was  one  of  the  areas  se- 
lected for  detailed  investigation,  and  the  structure  had  to  be  worked 
out  in  order  to  ascertain  to  what  extent  deformation  was  a  factor  in 
the  'gas-problem.  The  map  was  compiled  from  mine-maps  so  far 
as  practicable,  but  in  areas  not  reached  by  mining,  the  structure 
was  determined  from  surface  data,  aided  by  numerous  bore-hole 
records.  The  horizon  selected  for  contouring  was  the  lowest  nota- 
ble coal-bed  (Dunmore-Red  Ash)  and  its  configuration  is  repre- 
sented by  100-ft.  contour-lines  with  sea-level  datum.  The  contours 
based  on  mine-surveys  in  the  lower  beds  are  shown  as  full  lines ; 
those  constructed  from  workings  in  overlying  beds  are  shown  by 
broken  lines ;  while  in  areas  not  yet  worked,  dotted  lines  are  used. 
The  structure  is  still  further  represented  by  15  vertical  sections 
which  cross  the  basin  at  frequent  intervals. 

Much  attention  was  given  to  the  extension  of  the  different  coal- 
beds  and  it  is  now  practicable  to  correlate  all  the  beds  throughout 
the  basin.  The  investigation  has  incidentally  disclosed  some  very 
interesting  structural  details,  showing  notable  discordance  in  the 
forms  of  the  flexed  beds  at  difiFerent  depths  and  in  harder  and  softer 
layers.  It  was  necessary.to  make  a  very  careful  study  of  the  con- 
ditions under  which  variations  of  this  character  occur  in  order  to 
represent  the  probable  position  of  important  coal-beds  in  areas  not 
yet  worked.  As  such  a  representation  becomes  a  prediction  and 
may  affect  plans  for  the  future  exploitation  of  coal,  its  accuracy  is 
a  matter  of  great  economic  importance,  especially  in  the  deeper 
basins  where  some  of  the  coal  lies  nearly  half  a  mile  below  the  sur- 
face. 

Discussion, 

Prof.  James  F.  Kemp  indorsed  Mr.  Barton's  paper,  and  said  that 
the  more  familiar  he  becomes  with  the  anthracite  region  the  more 
he  is  impressed  with  the  wonderful  folding  which  has  taken  place. 

Mr.  William  GriflSth  said  that  he  and  his  associates  had  made  20 
or  30  sections  of  the  basin,  which  had  resulted  in  considerable  in- 
formation. Furthermore,  that  the  mining  will  probably  devej  n 
curious  conditions  in  the  folding  which  cannot  be  foretold  frc.-a 
surface  indications  or  drill-holes. 

Prof.  Benjamin  L.  Miller  stated  that  he  and  his  associates  are  in- 
terested in  a  similar  problem  southeast  of  the  Cambrian  district  in 
the  limestone,  and  that  a  great  many  details  similar  to  the  ones  pre- 
sented by  Mr.  Darton  are  being  discovered,  such  as  examples  of 
folds  overturned  in  both  directions. 

Prof.  Joseph  W.  Richards,  in  moving  a  vote  of  thanks,  impressed 
upon  the  members  present  that  all  honor  should  be  given  to  the 
men  who  go  ahead  and  make  approximations  on  the  best  informa- 
tion we  have,  and  try  to  point  out  where  things  probably  will  be. 

Dr.  Arthur  H.  Elliott,  in  seconding  the  motion,  dwelt  upon  the 
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enormity  of  the  work  required  of  the  engineers  before  the  maps 
could  be  made.  He  also  inquired  as  to  the  quality  of  the  coal  that 
is  being  mined  at  present :  whether  it  is  improving  or  getting  poorer  ? 
Mr.  Darton  replied  that  the  operators  are  trying  to  conserve  the 
coal-fields,  and  are  shipping  as  low  a  quality  of  coal  as  the  market 
will  take.  When  the  market  demands  high-grade  coal  it  can  be 
delivered,  as  it  is  there  in  millions  of  tons. 

Professor  Richards  also  replied  to  Dr.  Elliott's  question:  The 
best  coal  was  mined  on  the  Wyoming  range,  and  now  the  Southern 
fields  where  the  heavy  pitching  occurs,  is  being  mined. 

Mr.  W.  S.  Ayres,  who  is  thoroughly  familiar  with  the  preparation 
of  coal,  replied  to  Dr.  Elliott  as  follows :  In  mining  from  the  south- 
western portion  of  the  field,  where  the  great  pitches  occur,  all  of  the 
material  which  falls  away  from  the  roof  must  be  taken  out  with  the 
coal,  resulting  in  a  more  complicated  preparation  than  in  the  upper 
region.  Veins  2  ft.  thick  are  being  worked,  so  that  the  whole  pro- 
cess of  preparation  for  the  market  is  very  expensive. 

Dr.  A.  R.  Ledoux  remarked  that  many  people  are  buying  coal  by 
a  standard  specification,  which  has  been  adopted  and  is  coming  more 
and  more  in  vogue.  Large  consumers  have  their  coal  sampled  and 
analyzed. 

Mr.  Ayres  desired  to  know  whether  there  was  any  relation  between 
the  width  and  depth  of  the  basin  relative  to  the  degree  of  faulting. 
Mr.  Darton  replied  that  there  is  in  general,  and  further  discussed 
this  point. 

Announcement, 

Before  adjournment  the  Secretary  announced  that  on  Friday, 
Dec.  20,  Dr.  A.  E.  Barlow  will  deliver  a  paper  on  the  Cobalt-Ores 
of  Ontario. 

Attendance. — The  Secretary  mailed  680  notices  to  the  members  of 
the  New  York  Section  and  members  of  the  Institute  residing  in  the 
coal-fields  of  Pennsylvania.  In  reply,  43  members  of  the  New  York 
Section  and  12  members  residing  in  the  coal-fields  signified  their 
intention  of  attending  the  meeting.  The  total  number  present  was 
about  seventy. 

Budget. — Checks  to  the  amount  of  $768  have  been  received  and 
credited  to  the  fund  of  the  New  York  Section.  Members  who  have 
not  subscribed  to  this  fund  and  are  interested  in  the  success  of  the 
Section  are  requested  to  send  their  checks  to  the  Secretary  of  the 
Section.  Most  of  the  checks  received  have  been  for  $5  or  $10. 
Louis  D.  HusToos,  Secretary-Treasurer  J 

165  Broadway,  New  York,  N.  Y. 


Boston  Local  Section. 

Robert  H.  Richards,  Chairman. 
Albert  Sauveur,  Vice- Chairman. 
Augustus  H.  Eustis,  Secretary-Treasurer. 
The  sixth  meeting  of  the  Boston  Local  Section  of  the  Institute 
was  held  at  the  Technology  Club,  Monday  evening,  Nov.  4.  1912, 
about  20  members  being  present. 

Chairman  Robert  H.  Richards  presided  at  the  dinner,  at  the  close 
of  which  the  meeting  was  called  to  order,  and  Prof.  Raphael  Pum- 
pelly  spoke  informally  of  his  excavations  in  Turkestan.  (^qqq[^ 
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Professor  Pumpelly  explained  that  he  had  always  wanted  to  die 
up  humanity  in  the  past,  but  had  never  had  an  opportunity  until 
very  recently ;  the  delay  in  some  respects  was  due  to  an  illness  with 
smallpox  in  Pekin  more  than  60  years  ago.  He  said  that  he  was 
there  as  a  guest  of  the  American  Legation,  and  had  been  spending 
much  effort  studying  the  geology  of  China.  He  found  that  various 
articles  that  were  in  reality  fossils  could  be  collected  from  the  bric- 
a-brac  shops.  He  had  also  accumulated  a  large  quantity  of  notes 
made  from  a  Chinese  Geology  extending  over  3,000  volumes.  These 
notes  had  been  collected  for  him  by  assistants,  and  he  was  able  to 
make  use  of  them,  the  fossils  and  other  information  during  his  con- 
valescence, to  establish  one  or  more  hypothetical  geological  cross- 
sections  of  the  countr3\  This  he  compared  with  a  map  of  the  Em- 
pire made  bv  the  Jesuits.  In  this  work  his  attention  was  drawn  to 
a  number  of  lakes  in  the  western  part  of  the  Empire,  which  had  no 
outlets,  and  which  were  accordingly  salt.  In  studying  these  he  be- 
came convinced  that  they  were  originally  a  part  of  a  great  inland 
sea,  and  he  was  seeking  for  a  connection  between  these  and  the 
cities  which  had  been  buried  by  sand.  This  study  made  him  anx- 
ious to  return  to  China  later,  and  carry  on  active  investigations,  and 
arrangements  for  such  a  trip  were  finally  made  through  the  co-oper- 
ation of  the  Carnegie  Institute.  In  this  trip  he  was  accompanied 
by  Professor  Davis,  so  that  he  was  able  to  divide  his  forces  and 
cover  a  large  amount  of  territory.  The  problem,  which  had  at  first 
seemed  simple  and  easy,  appeared  much  more  difficult  as  he  ap- 
proached the  actual  scene  of  his  operations,  and  it  seemed  at  times 
that  his  travels  would  be  without  results.  During  this  work  of  re- 
connaissance, he  was  aided  in  every  way  by  officials  of  the  Russian 
government,  who  ordered  that  his  train  should  be  stopped  at  his 
pleasure ;  he  was  also  supplied  with  horses  for  side-excursions.  Dur- 
mg  these  travels,  his  attention  was  called  to  two  or  more  mounds  in 
the  great  desert,  which  rose  20  ft.  or  more  above  the  level  of  the  des- 
ert, and  on  his  way  home  he  determined  to  investigate  these  more 
closely.  One  of  them  had  been  opened  by  a  Russian  General,  who 
was  hunting  treasure.  The  section  was  stratified,  full  of  pottery 
and  bones,  and  he  recognized  at  once  that  in  these  mounds  was  his 
problem.  He  made  his  plans  to  return  the  next  year  and  carry  on 
active  excavations,  but  the  Russian  government,  which  had  rendered 
him  every  assistance  in  his  travels,  was  very  loath  to  grant  permis- 
sion for  him  to  do  excavation- work.  This  was,  however,  finally  se- 
cured, and  he  arranged  with  Doctor  Schmidt,  an  archaeologist,  to 
take  part  in  the  work. 

The  work  of  excavation  was  commenced  by  sinking  large  pits, 
from  15  to  30  ft.  in  diameter,  through  the  mounds  and  in  the  sur- 
rounding plain.  It  was  like  sampling  a  mine-prospect.  In  sinking 
these  pits  great  care  was  taken  to  keep  the  floor  level,  and  to  collect 
and  carefully  label  articles  of  interest.  To  this  end  two  baskets 
were  kept  in  each  pit;  one  for  bones,  and  the  other  for  pottery  and 
anything  else  that  could  be  found.  From  these  excavations  it  was 
found  that  pottery  and  bones  were  found  to  a  depth  of  20  ft.  below 
the  existing  plain,  and  this  was  established  as  the  base  of  the  first 
civilization  that  had  occupied  this  region.  It  was  45  ft.  from  the 
base  of  this  civilization  to  the  top  of  the  mounds,  and  in  this  space 
three  civilizations  were  found  to  be  represented.     Between  the  first 
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and  second  civilizations  was  a  sharp  and  well-defined  partition, 
which  was  marked  by  a  layer  of  burned  and  charred  earth.  In  the 
first  10  ft.  from  the  bottom  up  were  found  only  bones  of  wild  ani- 
mals, which  were  recognized  oy  Durst,  an  anatomist  from  Zurich, 
as  the  bones  of  a  small  horse,  a  wild  sheep,  a  pig,  and  an  ox.  Above 
the  first  10  ft.  the  bones  began  to  show  evidences  of  domestication, 
as  indicated  by  their  becoming,  except  in  the  case  of  the  horse, 
more  porous  and  less  hard.  At  the  beginning  of  the  second  civili- 
zation above  the  charcoal,  there  were  found  the  remains  of  a  horn- 
less breed  of  sheep,  which  has  been  identified  with  a  certain  sheep 
found  in  the  lake-dwellings  in  Switzerland,  and  of  which  there  still 
exists  one  herd  in  the  Alps.  These  sheep  were  associated  with  a 
round-headed  man,  which  is  of  great  interest  as  marking  the  dis- 
covery of  the  Asiatic  origin  of  European  domestic  animals.  The 
horse  is  a  light-boned  animal,  evidently  accustomed  to  roam  great 
distances,  and  of  great  speed.  It  is  named  for  Professor  Pumpelly . 
It  was  found  that  the  second  civilization  had  the  same  curious 
custom  as  the  first,  of  burying  their  children  under  their  hearth. 
These  civilizations  had  some  ornaments,  which  were  mostly  beads; 
in  the  case  of  the  first  civilization,  turquoise ;  in  the  case  of  the 
second  civilization,  lapis  lazuli.  The  second  civilization  also  had 
copper  ornaments  with  some  elaborate  design.    The  copper  was 

Sure.  There  was  little  arsenic,  antimony,  or  lead,  not  more  than 
.5  or  0.25  per  cent,  of  tin,  and  this  only  in  a  few  objects  which  were 
evidently  not  made  for  cutting;  and  it  was,  therefore,  apparent  that 
the  art  of  making  bronze  was  not  then  known,  but  this  art  of  mak- 
ing bronze  was  known  2,200  years  B.  C.  in  Egypt,  and  what  was 
known  in  Egypt  was  also  known  in  Babylon,  and  must  also  have 
been  known  in  the  region  of  these  excavations.  It  is  apparent, 
therefore,  that  the  second  civilization  had  passed  away  before  2,200 
years  B.  C. 

Professor  Pumpelly  said  that  from  the  very  bottom  up,  there  were 
found  pieces  of  large  heavy  pottery  jars,  crudely  made  and  full  of 
cavities.  These  cavities  were  found  to  be  the  casts  of  barley  and 
wheat.  It  was  thus  seen  that  from  the  very  beginning  these  civili- 
zations lived  on  agriculture.  In  the  second  civilization  there  was 
found  a  weight,  which  is  believed  to  be  the  parent  of  the  Egyptian 
weight,  known  as  a  talent,  about  13  kg.  600  g.  The  weight  found 
weighed  just  under  13  kg.,  which  small  difference  would  easily  be 
accounted  for  by  wear,  and  inaccuracies  in  weight. 

In  the  third  civilization,  which  was  found  in  a  second  mound  to 
the  south  of  the  first  one,  there  began  to  be  used  implements  of 
iron.  It  seemed  that  the  first  civilization  was  established  while  the 
elevation  of  the  country  as  a  whole  was  rising ;  that  the  whole  coun- 
try was  then  washed  away,  and  the  second  civilization  established 
during  the  second  rise  and  subsequent  gradual  depression  of  the 
country.  During  the  third  civilizatioQ  the  country  began  to  rise 
again,  and  this  civilization  flourished  into  modern  times,  or  about 
80  years  ago.  It  was  a  difficult  matter  to  establish  the  relative  ages 
of  these  different  civilizations,  but  it  seems  fair  to  assume  that  the 
waste  material  with  which  they  are  buried  grows  in  depth  at  a  uni- 
form rate.  In  order  to  study  these  matters  further.  Professor  Pum- 
pelly explained  that  he  had  gone  to  Egypt  to  study  the  mounds 
and  excavations  there,  and  he  found  very  much  the  same  condi- 
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tions  as  in  these  mounds  in  Asia.  He  found  in  a  city  in  Asia  which 
was  abandoned  only  80  years  aco,  a  mosque,  on  which  was  inscribed 
the  date  of  1440.  The  dirt  ana  accumulation  in  this  mosque  from 
this  time  up  to  the  present  had  amounted  to  about  9  ft.,  from 
which  it  would  appear  that  the  rate  of  growth  was  about  2.5  ft.  per 
century ;  but  in  this  mosque  the  earth  was  loose,  whereas  in  the 
mounds  the  earth  was  hard  and  densely  packed,  and  it  seemed  rea- 
sonable to  assume,  therefore,  that  the  time  represented  by  the  earth 
in  the  mounds  would  correspond  to  perhaps  2  ft.  per  century.  In 
Egypt  more  data  is  available,  and  the  rate  of  growth  has  been  estab- 
lished at  from  1.3  to  1.8  ft.  per  century,  from  which  Professor  Pum- 
pelly  has  calculated  that  the  first  civilization,  which  he  has  had  the 
pleasure  of  revealing  at  Anau,  began  8,000  years  B.  C. 

A.  H.  EusTis,  Secretary-Treasurer^ 

131  State  St.,  Boston,  Mass. 


Puget  Sound  Local  Section. 

Chester  F.  Lee,  Chairman. 
Joseph  Daniels,  Secretary-Treasurer, 

The  November  meeting  of  the  Puget  Sound  Local  Section  of  the 
American  Institute  of  Mining  Engineers  was  held  in  the  rooms  of 
the  College  Club,  Seattle,  Wash.  A.  R.  Jayne,  of  Seattle,  Wash., 
presented  a  paper  entitled,  The  Evolution  of  the  Chilean  Mill, 
which  was  well  received. 

The  next  meeting  of  the  Section  is  called  for  Dec.  14, 1912. 

Joseph  Daniels,  Secretary -Treasurer^ 

University  of  Washington,  Seattle,  Wash. 


Proceedings  of  the  103d  Meeting  of  the  Institute. 

(Cleveland,  Ohio,  October,  1912.) 

[Supplementary  Note.] 

[Secretary's  Note. — The  following  brief  description  of  the  works  of  the 
American  Steel  &  Wire*Co.,  which  were  visite*!  by  the  Institute  party  Oct.  30, 1912 
(see  November  Bulkiin^  No.  71,  p.  1352),  was  received  through  the  courtesy  of 
General  Superintendent  Bertram  D.  Quarrie.  Unfortunately,  these  notes  were 
not  in  time  to  be  incorporated  in  the  Proceedings  of  the  meeting,  which  was  pub- 
lished in  the  November  Bulletin,  No.  71.— J.  S.] 

Visit  of  the  American  Tmtitute  of  Milling  Engineers  to  the  Blast- Fur- 
naces, Sieel- Works,  and  Newburg  Wire-Mill  of  the  American 
Steel  &  Wire  Co.,  Oct.  30,  1912. 

The  furnaces  are  located  on  the  Cuyahoga  river  about  4  miles  from  the  mouth. 
The  steel-works  and  wire-mill  are  located  about  7  miles  from  the  furnaces,  in  a  sec- 
tion of  the  city  called  Newburg,  and  are  connected  to  the  furnaces  by  a  direct  Une 
of  the  Newburg  &  South  Shore  railway. 

The  production  of  the  steel-works  is  billfts  and  rods  ;  while  the  wire-mill  is  a 
merchant  mill,  producing  bright  and  coarse  wire,  wet  coarse  wire,  mattress-wire, 
fine  wire,  straight  and  cut  wire,  and  turned  shafting,  with  galvanizing  and  tinning 
departments.  , 
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The  membeiB  of  the  Institute  met  with  representatives  of  the  American  Steel  & 
Wiie  Co.  at  the  B.  &  O.  depot  at  1.30  p.m.,  and  were  taken  from  there  to  the  fur- 
naces over  the  tracks  of  the  B.  &  O.  railroad  by  means  of  a  special  train.  After 
visiting  the  furnaces,  they  boarded  the  train,  which  had  been  transferred  to  the 
tracks  of  the  Newburg  &  South  Shore,  and  were  taken  to  the  steel-works,  passins 
en  route  the  plant^of  the  Corrigan-Mc Kinney  Co.,  the  Cleveland  Furnace  Co.,  and 
the  Cuyahoga  works  of  the  American  Steel  &  Wire  Co.  From  the  steel-works  they 
went  to  the  wire-mill,  just  across  the  tracks  of  the  Pennsylvania  railroad.  After 
completing  the  trip  through  the  wire-mill  they  boarded  special  street-cars  and  were 
taken  down  town. 

The  ore-docks  at  the  furnaces  have  a  frontage  of  about  3,200  ft.  and  a  storage 
capacity  of  about  760,000  tons.  The  ore  is  received  by  means  of  boats  from  the 
Lake  Superior  district,  and  unloaded  at  the  furnace  docks  by  means  of  four  Hoover 
&  Mason  unloaders  and  bridges  and  two  Hulett  unloaders  working  in  connection 
with  one  Wellman-Seaver  bridge.  These  machines  are  all  electrically  driven,  the 
Hoover  &  Mason  having  a  capacity  of  5  tons  per  bucket,  and  the  Hulett  a  capacity 
of  10  tons.  For  conveying  to  the  furnace- trestle  bins  the  ore  is  loaded  directly  from 
boats  into  cars,  or  from  stock-piles  to  cars.  All  of  the  material  used  at  the  fur- 
naces, however,  is  handled  from  trestle-bins  to  larries  and  skip-cars  below. 

The  furnaccH  are  four  in  number  and  are  located  in  a  line  parallel  with  the  docks. 
They  have  an  average  capacity  per  furnace  per  24  hr.  of  about  480  or  490  tons. 
Three  of  them  are  of  the  ordinary  construction,  viz.,  thick-lined  walls,  while  the 
other  is  of  thin-lined  construction,  having  only  12  in.  of  brick  in  the  stack-lining, 
the  shell  beinj;  cooled  by  the  over-lapping  water-bucket  system. 

The  hoists  to  the  furnaces  are  three  steam-driven  Otis  hoists  and  one  electrically- 
driven  Otis  hoist  controlled  by  means  of  their  magnet  regulators.  The  blowing- 
en^nes,  which  were  made  by  the  Allis-( Chalmers  Co.,  are  of  the  steam-  and  gas- 
dnven  types,  and  are  located  in  different  houses.  The  steam-engines  are  seven  in 
number  and  are  compound  condensing,  blowing  an  average  of  750  cu.  ft.  of  air  per 
revolution.  These  engines  are  operated  so  that  the  output  for  two  of  them  will 
blow  one  furnace.  The  gas-engines  are  two  in  number  and  are  twin  tandem,  the 
eas-cylinders  being  44  by  60  in.  and  the  air-cylinders  80  by  60  in.  The  air-cylin- 
ders are  direct  connected  and  are  of  the  Slick  type,  with  a  positive  discharge-valve. 
These  engines  have  a  capacity  of  670  cu.  ft.  of  air  per  revo'ution,  and  are  so  oper-  • 
ated  that  one  engine  will  blow  a  furnace.  The  usual  operation,  however,  is  to  have 
one  steam-engine  with  its  delivery  split  between  two  furnaces  operating  in  connec- 
tion with  the  gas-engines  on  the  same  two  furnaces. 

There  are  two  boiler-houses  ;  one  containing  16  Cahall  boilers  with  a  capacity 
of  4,000  h-p.,  the  other  containing  16  Stirling  boilers  with  a  capacity  of  4,800  h-p. 

The  surplus  gas  generated  by  Uie  furnaces  is  used  to  drive  fo'ir  AUis-Chalmers 
gas-engine  units  having  a  capacity  of  1,000  kw.  each.  The  current  is  alternating, 
three-phase,  25-cycle,  13,200  volts.  The  output  of  the  station  is  1,750,000  to 
2,000,000  kw.  per  month.  Most  of  the  current  generated  is  transferred  under 
this  high  tension  to  the  Cuyahoga  wire- works,  which  is  electrically  driven,  and 
consumes  about  1,000,000  kw-hr.  per  month.  The  balance  is  distributed  between 
the  motor-generator  set  and  motors  at  the  furnaces,  the  slag-crusher,  and  the  New- 
burg wire-mill. 

All  of  the  iron  produced  at  the  furnaces  is  transferred  to  the  steel-works  molten 
in  16-ton  ladle-cars  during  the  week,  and  is  taken  care  of  on  S  mdays  by  casting 
over  two  strands  of  the  pig  machine. 

The  steel-mill  has  four  departments :  Bessemer  oonverting-mill,  open-hearth, 
blooming-mill,  and  the  rod-mill. 

The  Bessemer  converting-department  has  two  mixers  operated  hydraulically 
and  having  a  capacity  of  al^ut  200  tons  each.  The  pig-nietal  is  delivered  to  the 
mixer-houses  and  lifted  to  the  receiving-spout  of  the  mixers  by  means  of  two 
40-ton  Morgan  cranes. 

There  are  four  cupolas  in  line  with  the  mixers,  each  having  a  capacity  of  about 
250  tons  per  24  hr.  The  blast  for  these  cupolas  is  supplied  by  Sturtevant  blowers. 
The  metu  from  these  is  run  to  the  mixers  by  means  of  a  separate  track  and  poured 
into  the  mixers  by  the  same  cranes  as  handle  the  pig-metal.  The  ladle  which 
conveys  the  metal  from  the  mixers  to  the  converters  is  operated  on  a  track  at 
the  same  level  with  a  pouring-npout  into  the  converters,  and  is  conveyed  from 
the  mixen  to  the  converters  by  means  of  a  rope-haulage. 

These  converters  are  two  in  number,  having  a  capacity  of  20  tons  each.  The 
blast  for  these  converters  is  supplied  by  two  Southwick  blowing-engines.     The 
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converters  are  tipped  hydraulically  and  the  metal  poured  into  a  ladle,  which  is 
handled  hy  a  hjoraulic  iib-crane.  This  crane,  in  turn,  swings  to  the  pouring- 
platform,  where  the  steel  is  poured  into  the  inffot-molds,  giving  an  ingot  of  ap- 
proximately 6,000  lb.  The  ingots  are  then  handled  bj  means  of  a  narrow-gaoge 
engine  to  the  stripper,  either  at  the  38-in.  or  the  35-in.  mill. 

The  open-hearth  plant  consists  of  six  60-ton  stationary  furnaces.  All  of  the 
metal  is  supplied  to  these  furnaces  cold,  and  the  furnaces  are  charged  by  two 
'Wellman -leaver  charging-cars,  the  charging-boxes  being  brought  to  the  charging- 
floor  by  means  of  broad-gauge  engines.  There  are  14  Duff  gas-producers.  The 
fuel  used  is  either  producer-gas,  or  natural  gas  if  available.  The  metal,  after  it 
is  poured  from  the  furnaces,  is  handled  by  a  75-ton  Morgan  crane.  The  produc- 
tion from  this  plant,  in  the  form  of  ingots,  is  transferred  to  one  of  the  blooming- 
mills. 

The  blooming-mills  are  38-  and  35-in. ,  and  are  located  in  separate  boildings. 
After  the  ingots  have  been  stripped  they  are  put  into  the  soakin^-pits  by  means  of 
small-capacity  electric  cranes.  In  the  38-in.  mill  the  soaking-pits  are  20  in  num- 
ber, having  a  capacity  of  four  ingots  each.  Each  ingot  is  transferred  from  the 
pit  to  the  transfer-car,  which  is  operated  by  a  rope-haiilage.  This  car  places 
the  ingot  on  the  end  of  the  bloomine-mill  table.  Tiie  blooming-mill  is  of  a  two- 
high  .type  and  blooms  down  to  7  oy  8  in.  The  mil!  is  driven  bv  a  duplex 
simple  horisontal  condensing  engine.  After  passing  into  the  shears  tne  bloom  is 
transferred  by  means  of  a  transfer- table  to  the  23-in.  billet-mill,  which  runs  nar- 
allel  to  the  blooming-mill.  The  billet-mill  is  three-high  and  is  driven  by  a  tanaem 
compound  horizontal  condensing-engine.  The  billets  are  4  by  4  in.  in  size,  and 
are  conveyed  from  the  last  table  to  the  shears,  where  they  are  sheared  to  the  proper 
length  and  dropped  on  to  two  chain-conveyors  with  dogs.  These  conveyors  trans- 
fer the  billets  from  the  shears  to  the  loaders.     Loaders  are  of  the  chain  type. 

The  general  method  of  handling  ingots  at  the  35-inch  blooming-mitl  is  the  same 
as  at  the  38-in.  mill.  The  soaking-pits,  however,  are  only  five  in  number,  and 
each  pit  has  a  capacity  of  eight  ingots.  The  mill  is  of  the  Mcintosh-Hemphill  two- 
high  type,  producing  billets  of  a  desired  size.  The  method  of  drive  for  this  mill 
is  by  compound  condensing,  horizontal  reversing-engines. 

The  rod-mill  is  a  four-train  Garrett  mill,  the  trains  being  one  18-in.,  one  12-in., 
'  and  two  9-in.  Heating-furnaces  are  two  continuous  Lau^hlin,  and  are  fired  by  either 
producer-  or  natural  g^^s.  Hughes  producers  are  being  installed  at  the  present  time 
to  replace  the  old  type  'Wellman  producers  now  in  use.  All  of  the  product  from 
this  mill  is  in  the  form  of  coiled  rods,  and  is  carried  by  an  overhead  continuous 
conveyor  by  means  of  hooks  into  which  the  coils  of  rods  are  hung.  This  conveyor 
transfers  the  metal  from  the  rod-mill  across  the  Pennsylvania  tracks  to  the  New- 
burg  wire-mill,  where  it  is  used  in  the  finishing  departments  or  loaded  for 
shipment 


Kelvin  Memorial  Fund. 

Acting  for  the  Kelvin  Memorial  Committee,  the  Secretary-Treas- 
urer announces  that  up  to  Dec.  9,  1912,  subscriptions  have  been 
received  from  92  members  of  the  American  Institute  of  Mining 
Engineers  aggregating  $497.75.  Of  this  amount  £100  Is.  6d. 
($487.08)  has  been  transmitted  to  J.  H.  T.  Tudsbury,  Honorary 
Secretary  of  the  London  Committee.  The  remaining  subscrip- 
tions, together  with  otters  received  up  to  the  end  of  the  present 
year,  will  be  forwarded  in  due  course. 

Other  National  Engineering  Societies  interested  in  this  good  work 
are,  the  American  Society  of  Civil  Engineers,  American  Institute  of 
Electrical  Engineers,  American  Society  of  Mechanical  Engineers, 
Canadian  Society  of  Civil  Engineers,  and  the  Society  ot  Naval 
Architects  and  Marine  Engineers.  The  membership  of  these  socie- 
ties has  been  circularized,  and  very  satisfactory  contributions  have 
been  reported. 
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Emmons  Volume  on  Ore-Deposits. 

Ore'Deposits — a  continuation  of  the  "  Posepny  "  Volume. 

Comprising  papers  descriptive  of  ore-deposits  and  discussions  of 
their  origin,  edited,  with  an  introduction,  by  Dr.  S.  F.  Emmons. 
The  volume  contains  also  a  Biographical  Notice  of  Dr.  Emmons  by 
his  associate  and  friend,  Dr.  George  P.  Becker,  and  a  comprehensive 
Bibliographical  Index  of  the  Science  of  Ore-Deposits,  prepared  bjr 
Prof.  John  D.  Irving,  of  the  Sheffield  Scientific  School  of  Yale  Uni- 
versity. Dr.  Emmons  had  finished  his  editorial  work  and  written 
his  Introduction  before  his  lamented  death  in  1910 :  and  the  Volume 
contains  his  last  words  upon  the  subject  to  which  he  had  given  the 
work  of  his  life,  and  on  which  he  was  justly  regarded  as  the  foremost 
authority. 

Contents. 

GenesiB  of  Certain  Ore-Depoelts.    By  8.  F.  Emmons. 

Structural  Relations  of  Ore-Depoeits.    By  S.  F.  Emmons. 

Geological  Distribution  of  the  IJaetal  Metals  in  the  United  States.  By  S.  F.  Emmons.  Discus- 
sion, by  John  A.  Church,  Arthur  Winblow,  S.  F.  Emmons,  and  William  Hamilton 
Merritt. 

Torsional  Theory  of  Joints  By  Gkorob  F.  Bbckbr.  Discussion,  by  H.  M.  Hows,  R.  W.  Ray- 
mond, C.  R.  Boyd,  and  George  F.  Becker. 

AUotropism  of  Gold.    By  Henry  Louis. 

Superficial  Alteration  of  Ore-Deposits.    By  R.  A.  F.  Penrose,  Jr. 

Some  Mines  of  Rositaand  Silver  Cliff,  Colorado.    By  S.  F.  Emmons. 

Genesis  of  Certain  Auriferous  Lodes.  By  John  R.  Don.  Discussion,  by  Joseph  Le  Conte,  S. 
F.  Emmons,  Q.  F.  Becker,  Arthur  Winslow,  W.  P.  Blake,  and  J.  R.  Don. 

Influence  of  Country-Rock  on  Mineral  Veins.    By  Walter  Harvey  Weed. 

Igneous  Rocks  and  Circulating  Waters  as  Factors  in  Ore-Deposition.    By  J.  F.  Kemp. 

Consideration  of  Igneous  Rocks  and  Their  Segregation  or  Differentiation  as  Related  to  tho 
Occurrence  of  Ores.    By  J.  E.  Spurr.    Discussion,  by  A.  N.  Winchell. 

Chemistry  of  Ore-Deposition.    By  Walter  P.  Jenney.    Discussion,  by  John  A.  Church. 

Ore-DepoeiU  near  Igneous  Contacts.  By  Walter  Harvey  Weed.  Discussion,  By  W.  L. 
Austin. 

Ore-Depoeltion  and  Vein-Enrichment  by  Ascending  Hot  Waters.   By  Walter  Harvey  Weed. 

Basaltic  Zones  as  Guides  to  Ore-Deposits  in  the  Cripple  Creek  District,  Colorado.  By  E.  A. 
Stevens. 

Geological  Features  of  the  Gold-Production  of  North  America.  By  W.  Lindgren.  Discus- 
sion, by  W.  G.  Miller,  and  W.  L.  Austin. 

Osmosis  as  a  Factor  in  Ore-Formation,    By  Halbert  Powers  Gillette. 

Ore-Deposits  of  Sudbury.  Ontario.    By  Charles  W.  Dickson. 

Genesis  of  the  Copper-Deposits  of  Cllfton-Morenci,  Arizona.    By  W.  Lindgren. 

Copper-Deposits  at  San  Jose,  Tamaulipas,  Mexico.    By  J.  F.  Kemp. 

Magmatic  Origin  of  Vein-Forming  Waters  in  Southeastern  Alaska.    By  A.  C  Spencer. 

Genetic  Relations  of  the  Western  Nevada  Ores.    By  J.  E.  Spurr. 

Are  the  Quartz  Veins  of  Silver  Peak,  Nevada,  the  Result  of  Magmatic  Segregation  7  By  J.  B. 
Hastings. 

Occurrence  of  Stibnlte  at  Steamboat  Springs,  Nevada.    By  W.  Lindgren. 

Summary  of  Lake  Superior  Geology  with  Special  Reference  to  Recent  Studies  of  the  Iron- 
Bearing  Series.    By  C.  K.  Leith. 

Geological  Relations  of  the  Scandinavian  Iron-Ores.    By  H.  Sjogren. 

Formation  and  Enrichment  of  Ore-Bearing  Veins.  (With  Supplementary  Paper.)  By  George 
J.  Bancroft. 

Distribution  of  the  Elements  in  Igneous  Rocks.    By  H.  S.  Washington. 

Agency  of  Manganese  in  the  Superficial  Alteration  and  Secondary  Enrichment  of  Gold-De- 
posits of  the  United  States.    By  W.  H.  Emmons. 

Cognate  Papers. 

Bibliography  of  the  Science  of  Ore-Deposits.    By  J.  D.  Irving. 

'J'he  volume  will  contain  about  1,000  pages,  and  it  is  expected  to 
be  off  the  press  early  in  1913.  Further  details  concerning  time  of 
publication,  price,  binding,  etc.,  will  follow  in  due  course. 
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John  Fritz  Medal  Award. 

The  award  for  the  year  1912  of  the  John  Fritz  Medal  Board  of 
Award  was  made  to  Robert  Woolston  Hunt,  of  Chicago,  111., "  for  his 
contributions  to  the  early  development  of  the  Bessemer  process." 

The  public  presentation  of  the  medal  was  made  in  the  main  au- 
ditorium of  the  Engineering  Societies  Building  on  Thursday  even- 
ing, Dec.  5,  1912,  and  was  followed  by  a  reception  to  Mr.  Hunt  in 
the  assembly  rooms  in  the  same  building  under  the  auspices  of  a 
committee  representing  the  American  Institute  of  Mining  Engi- 
neers, the  American  Society  of  Mechanical  Engineers,  and  the 
American  Institute  of  Electrical  Engineers  acting  as  hosts. 

Prof.  James  F.  Kemp,  the  present  President  of  the  Board  oi 
Award,  presided  over  the  ceremonies,  and  Mr.  John  A.  Brashear 
made  the  speech  of  presentation,  supplemented  by  Mr.  E.  Gybbon 
Spilsbury,  who  delivered  the  medal  and  the  diploma.  A  fitting  re- 
sponse was  made  by  Mr.  Hunt.  Dr.  Henry  S.  Drinker,  President 
of  Lehigh  University,  delivered  a  special  message  of  greeting  from 
*'  Uncle  John ''  Fritz,  who  was  unable  to  be  present. 

The  following  awards  of  the  John  Fritz  Medal  have  been  made 
since  the  establishment  of  the  Board  : 

1905.— Lord  Kelvin. 

1906. — George  Westinghouse. 
1907.— Alexander  Graham  Bell. 

1908.— Thomas  Alva  Edison. 
1909.— Charles  T.  Porter. 

1910.— Alfred  Noble. 
1911.— Sir  William  Henry  White. 

1912.— Robert  Woolston  Hunt. 


Special  Notice. 

The  BuUetin  is  now  entered  at  the  Post  Office  at  Second-Class 
Postage  rate  of  one  cent  per  pound,  and  in  order  to  preserve  this 
privilege  it  is  necessary  that  the  dues  of  members  be  paid  within  four 
months  of  January  1  of  each  vear.  If  the  dues  are  not  paid  within 
the  period  mentioned,  a  member's  name  must  be  removed  from  the 
regular  subscription-list  and  the  BuUetin  mailed  at  the  transient 
second-class  postage  rate  of  one  cent  for  each  four  ounces  or  fraction 
thereof,  prepaid  bv  stamps  affixed.  It  is  therefore  earnestly  re- 
quested that  dues  be  paid  promptly — otherwise  the  Institute  will 
be  put  to  additional  expense  of  postage  and  to  added  labor  in  re- 
moving and  replacing  names  from  the  regular  list,  and  in  maintain- 
ing an  additional  separate  mailing-list. 
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Library   Research-Work. 

The  attention  of  members  of  the  Institute  is  again  directed  to  the 
research-work  done  by  the  librarian  and  his  assistants,  which  should 
attract  special  attention  from  those  members  who  have  no  access  to 
the  literature  of  subjects  in  which  they  may  be  interested. 

During  the  year  1911  there  were  143  searches  made  for  members 
and  non-members  of  the  Founder  Societies,  and  copies  of  the  ref- 
erences have  been  preserved  for  the  use  of  others.  This  work  has 
been  largely  based  on  requests  sent  in  by  mail,  from  Japan,  South 
Africa,  Mexico,  Canada,  and  England,  as  well  as  from  different  parts 
of  the  United  States.  The  Librarian  is  confident  that  if  it  were 
more  widely  known  that  the  library  is  equipped  to  undertake  re- 
searches, the  demand  would  increase  beyond  the  ability  of  the 
present  force  to  handle  it.  The  library  receives  more  than  700  tech- 
nical periodicals  which  are  available  through  the  indexes  for  this 
special  purpose. 

Back  Volumes  of  the  Traosactions. 

The  Board  of  Directors  has  authorized  the  following  offers  of  sets 
of  back  volumes  of  the  TransactioTiSj  at  considerably  reduced  prices, 

to  Members,  Libraries,  and  Scientific  Societies : 

Per  Set. 
I.  Five  volumes,  bound  in  half-morocco,  from  No.  36  (1906) 

to  No.  40  (1910), $20 

II.  Ten  volumes,  bound  in  half-morocco,  from  No.  31  (1902) 

to  No.  40  (1910),  including  Mexican  Volume,    .        .      36 

III.  Twenty  volumes,  bound  in  half-morocco,  from  No.  21 

(1893)  to  No.  40  (1910), 50 

IV.  Thirty   volumes,  bound  in  half-morocco,  from   No.  11 

(1883)  to  No.  40(1910), 60 

V.  Thirty-nine  volumes,  bound  in  half-morocco,  from  No.  1 
(1873)  to  No.  40  (1910),  with  the  exception  of  No.  10 
(1882),  but  including  index  for  Volumes  Nos.  1  to  35, 

and  Nos.  36  to  40, 75 

VI.  Nine  volumes,  bound  in  half-morocco,  from  No.  1  (1873) 

to  No.  9  (1881), 25 

Applications  should  be  addressed  to  Joseph  Struthers,  Secretary, 
29  West  39th  Street,  New  York,  N.  Y. 


The  Emmons  Research  Fellowship  of  Economic 

Geology. 

The  Committee  named  below  has  been  formed  by  friends  of 
Samuel  Franklin  Emmons,  late  of  the  United  States  Geological 
Survey,  to  consider  the  best  method  of  perpetuating  his  name.  It 
has  been  decided  that  the  memorial  to  him  shall  take  the  shape  of 
a  Research  Fellowship,  to  be  known  as  the  Samuel  Franklin 
Emmons  Research  Fellowship  of  Economic  Geology,  which  is  to  be 
administered  by  Prof.  James  F.  Kemp,  of  Columbia  University, 
New  York.  Subscriptions  are  invited  by  his  friends  to  this  fund, 
which  the  Committee  has  fixed  at  $25,000. 
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Members  of  the  Institute  who  desire  to  contribute  to  this  fund 
will  please  communicate  with  the  Treasurer,  Benjamin  B.  Lawrence, 
60  Wall  Street,  New  York. 

The  Committee  consists  of  the  following : 

George  Otis  Smith,  Director,  U.  S.  Geological  Survey,  Wash- 
ington, D.  C. 

H.  L.  Smyth,  Harvard  University,  Cambridge,  Mass. 

James  Douglas,  99  John  Street,  New  York,  N.  Y. 

J.  A.  Holmes,  Director,  Bureau  of  Mines,  Washington,  D.  C. 

James  F.  Kemp,  Columbia  University,  New  York,  N.  Y. 

F.  W.  Bradley,  San  Francisco,  Cal. 

J.  Parke  Channing,  42  Broadway,  New  York,  N.  Y. 

Seeley  W.  Mudd,  1001  Central  Building,  Los  Angeles,  Cal. 

D.  W.  Brunton,  Denver,  Colo. 

H.  Foster  Bain,  420  Market  Street,  San  Francisco,  Cal. 

T.  A.  RicKARD,  London,  England. 

B.  B.  Lawrence,  60  Wall  Street,  New  York,  N.  Y. 


How  to  Use  the  *•  Transactions"  of  the  Institute. 

Buy  a  copy  of  the  Complete  Analytical  and  Alphabetical  Index  of  Vol- 
umes  L  to  XXXV,,  inclusive;  also  the  new  Index  of  Volumes  XXXVL  to 
XL. 

Whether  you  do  or  do  not  own  a  full  set  of  the  Transactions,  these 
Indexes  will  make  all  of  the  material  contained  in  the  forty  volumes 
available  at  once  without  detailed  research  into  each  volume  sepa- 
rately. Moreover,  an  easy  search  will  show  what  particular  papers 
you  need  to  know  more  about,  and  perhaps  to  study.  Thus,  any 
person  possessing  these  Indexes  can  ascertain  at  once  what  has  been 
published  in  the  Transactions  on  a  given  question,  and  can  learn,  by 
writing  to  the  Secretary,  what  is  its  nature,  whether  it  is  still  to  be 
had  in  pamphlet  form,  where  it  can  be  consulted  in  a  public  library, 
at  what  cost  it  can  be  copied  by  hand,  etc.,  etc. 

In  short,  to  those  who  own  complete  sets  of  the  Transactions^  these 
Indexes  will  be  a  great  convenience ;  but  to  those  who  do  not,  they 
will  be  a  professional  necessity. 

The  Index  Volumes  I.  to  XXXV.  is  an  octavo  of  706  pages,  con- 
taining more  than  60,000  entries,  duly  classified  with  sub-heading, 
and  including  abundant  cross-references.  The  limited  edition  is 
becoming  exhausted.  The  new  Index,  Volumes  XXXVL  to  XL, 
supplementing  the  Index  Volumes  I.  to  XXXV.,  brings  the  classi- 
fied references  up  to  the  date  of  Volume  XL.,  June,  1910.  Prices: 
Index  Volumes  I.  to  XXXV.,  bound  in  cloth,  $5 ;  bound  in  half- 
morocco,  to  match  the  Transactions,  $6.  Index  Volumes  XXXVL 
to  XL.,  bound  in  cloth,  $1.50;  bound  in  half-morocco,  $2.50. 
The  delivery  charges  will  be  paid  by  the  Institute  on  receipt  of  the 
above  price. 
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LIBRARY. 

American  Institute  op  Electrical  Engineers. 
American  Society  op  Mechanical  Engineers. 
American  Institute  of  Mining  Engineers. 
United  Engineering  Society. 

William  P.  Cutter,  Librarian. 

The  libraries  of  the  above-named  Societies  are  open  from  9  a.m. 
to  9  P.M.  on  all  week-days,  except  holidays,  from  September  1  to 
June  30,  and  from  9  a.m.  to  6  p.m.  during  July  and  August. 

The  Library  contains  about  50,000  volumes,  including  sets  of  tech- 
nical periodicals  and  the  publications  of  scientific  and  technical 
societies. 

The  members  of  the  Institute,  with  few  exceptions,  are  by  the 
very  nature  of  their  profession  forced  to  spepd  a  large  portion  of 
their  time  in  localities  isolated  from  sources  of  information.  To 
such  members  the  Library  can  render  valuable  service  through  cor- 
respondence, and  letters  requesting  information  will  receive  special 
attention.  The  Library  is  prepared  to  furnish  references  and  copies 
of  articles  on  mining  and  metallurgical  subjects ;  to  determine,  if 
possible,  the  existence  of  mining-maps,  and  to  furnish  general  in- 
formation as  to  the  geology  and  mineral  resources  of  all  countries 
as  far  as  these  resources  are  known  and  published. 

It  is  hoped  that  the  members  of  the  Institute  will  avail  them- 
selves freely  of  this  special  service.  The  Library  will  welcome  in- 
quiries on  engineering  subjects,  and  furnish  information  as  far  as 
such  information  is  to  be  obtained. 

All  communications  should  be  made  as  definite  as  possible  so  that 
the  information  received  may  be  what  is  desired  and  not  include 
collateral  matter  which  may  not  be  of  interest.  In  this  wav  the  time 
spent  in  searching  for  such  collateral  matter  will  be  saved,  and  as  a 
result  the  information  will  be  sent  more  promptly  and  in  more  usable 
shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by 
forwarding  copies  of  mining-reports,  maps  privately  issued,  and 
similar  material,  which  will  be  classified,  indexed,  and  made  avail- 
able to  other  members. 

Suggestions  for  additions  to  the  Library,  either  by  purchase  or 
personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that 
members  while  in  the  city  will  use  the  Library  freely,  and  assur- 
ance is  given  that  most  careful  service  will  be  rendered  to  them. 
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Library  Accessions. 

Nov.  1  to  Nov.  30,  1912. 

[Copies  of  the  list  of  additions  to  the  Libraries  of  the  American  Society  of 
Mechanical  Engineers  and  the  American  Institute  of  Electrical  Engineers  can 
be  obtained  on  application  to  the  Secreiarj  of  the  American  Institute  of  Mining 
Engineers.] 

American  Fertilizer  Hand  Book,  1912.     Philadelphia,  Ware  Bros.  Co.,  1912. 

(Purchase.) 
Abierican  Institute  of  Mining  Engineers.    Souvenir  of  the  One  Hundred 

and  Third  Meeting,  Cleveland,  Oct.  28-31,  1912. 
Ahbrican  Iron  and  Steel  Association.     Annual  Statistical  Report  for  1911, 

part  II.     Philadelphia,  1912.     (Exchange.) 
Die  Anlage  und  dkr  Betrieb  der  Ewenhutten.     Vols.   1-3.    By  E.  F. 

Durre.    Berlin,  1882.     (Purchase.) 

Atlas.    Vols.  1-2.     Berlin,  1882.     (Purchase.) 

Canadian  Peat  Society.     An  Address  delivered  by  Eugene  Haanel  at  their 

Fourth  Annual  Meeting,  July  25,  1910.     Ottawa,  1910.     (Gift  of  Canadian 

Peat  Society. ) 
Carbonic  Acid  Industry.     By  J.  C.  Goosmann.     Chicago,  1907.     (Purchase.) 
Chemical  Arithmetic  and  Calculation  of  Furnace  Charges.     By  Regis 

Chauvenet.     Philadelphia-London,  1912      (Purchase.) 
Chemical  Technology  and  Analysis  of  Oils,  Fats  and  Waxes.     3  vols. 

Ed.  4.     By  J.  Lewkowitsch.     New  York,  Macraillan  Co.,  1909.  (Purchase.) 
Commercial  Nomenclature.     English-Spanish- Portuguese.     Published  by  rec- 
ommendation of  the  International  American  Conference,  Aug.,  1897.     Wash- 
ington, 1897.     (Purchase.) 
Co>raRRSo  Cientifico  (1°  Pan  Americano).     Ciencias  Naturales,  Antropologi- 

cas  y  Etnologicas.    Tomo  III.    ( Volumen  XVIL)-    Sintiago  de  Chile,  1912. 

(Gift  of  Congreso  Cientifico,  1°  Pan  Americano.) 
Electrical  Mining.     Vol.  1.  Nos.  1,  3-9  ;    Vol.  2,  Nos.  8,  12  ;    Vol.  3,  Nos. 

6-12 ;    Vol.  4.  No^.  1-1  i  ;   Vol.  o,  Nos.  1-4  ;   Vol.  6,  No.  1  ;    Vol.  7,  No.  2. 

Chicago,  1904-1910.     (Gift  of  Eleotrcal  Mining  Publishing  Co. ) 
Electrical  Mining  Installations.     By  P.  W.  Freudemacher.     New  York, 

1911.     (Purchase.) 
L' Exploitation  DEd  Mines  DB  Combustibles,  recueil  dbs  textes  officiels 

RELATiFS.     By  Louis  Aguillon.     Paris.  1912.     (Purchase.) 
Die  Explosivstoffe.     Pts.  2--5.     By  Richard  Escales.     Leipzig,  1905,  1903-10. 

(Purchase.) 
Die  flussigen  Brennstoffe  ihre  Gbwinnung  Eigenschaften  und  Untee- 

sucuuNG.     By  L.  Schmitz.     Berlin,  Springer,  1912.     (Purchase.) 
Geological  Map  of  a  Portion  of  West  Texas.     By  B.  F.  Hill  and  J.  A. 

Udden.    Austin,  1904.     r  Exchange.) 
I  Grandi  Trafori  Alpini  Frejus,  San  Gottardo,  Sbmpione  ed  Altre  Gal- 

lerie.      (The  Great  Alpine  Tunnels,   Frejus,  San  Gothard,  Simplon  and 

others.)    By  G.  B.  Biadego.    Milano,  U.  Hoepli,  1906. 
Atlante  di  30  tavole.     Milano,  1906.     (Gift  of  W.  L.  Saunders.) 

[Note. — This  splendid  volume,  with  its  accompanying  atlas  of  30  plates,  is  not 
only  a  record  of  the  work  done  in  the  successive  great  tunnels  through  the  Alps, 
but  also  a  critical  history  of  the  progress  in  the  art  of  tunneling  which  those  en- 
terprises illustrate.  Indeed,  it  might  be  said  that  they  caused  and  constituted  that 
progress.  In  this  department,  the  world  has  followed  the  initiative  of  the  engi- 
neers who  have  constructed  the  Alpine  tunnels  ;  and  such  a  survey  of  their  work 
as  this  book  presents  will  be  forever  a  treasure  to  their  successors. — R.  W.  B.] 

Der  Graphit.     By  Ed.  Donath.     Leipzig,  1904.     (Purchase.) 
Great  Britain.     Mines  and  Quarries.     General  Report  with  Statistics,  1910, 
Part  IV.     London,  1912.     (Exchange.) 
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Otto  Hubners  Gbographische-statistische  Tabellen  aller  LInder  der 
Erde.     61  Ausgabe,  1912.     Frankfart  a/M.,  1912.     (Purchase.) 

An  Intensive  Study  of  the  Water  Resources  of  a  part  of  Owens  Valley, 
California.  (Water  Supply  Paper  No.  294,  U.  S.  Geological  Survey.) 
Washingtoo,  1912.     (Exchange.) 

Jahrebbbright  uber  die  Leistunqbn  der  Chkmischen  Technoloqie,  1911. 
2  Abteilung  :  Organischer  Teil.     Leipzig,  1912.     (Purchase.) 

Koniolich  Preussisghen  Geolooischen  Landesanstalt  zu  Berlin.  Jahr- 
buch.     Band  XXIX.,  teil  II.,  1908.     Berlin,  1912.     (Exchange.) 

Laboratory  Companion  to  Fats  and  Oils  Industries.  By  J.  Lewkowitsch. 
London,  1901.     (Purchase.) 

Leitfaden  zur  Eisbnhuttenkunde.  Ed.  2,  Vol.  III.  By  Th.  Beckert.  Ber- 
lin, 1900.     (Purchase.) 

Liability  of  the  United  States  for  Use  of  Patented  Inventions  ;  with 
special  reference  to  the  Act  of  Congress  Entitled  '^  An  Act  to  Provide  Addi- 
tional Protection  for  Owners  of  Patents  of  the  United  States,  and  for  other 
Purposes'*  approved  June  25,  1910.  By  Geo.  A.  King.  Washington,  n.  d. 
(Gift  of  King&  King.) 

Map  of  Chile.     N.  p.,  n.  d.    (Purchase.) 

Map  OF  Cuba.     Washington,  1911.     (Purchase.) 

Map  OF  Guatemala  :  Compiled  and  drawn  by  M.  Hendges.  Washington,  1902. 
(Purchase. ) 

Map  of  Location  of  Iron  Ore  Deposits,  Blast  Furnaces,  Lignite  Mines  in 
Operation  and  Producing  Oiii-FiELDS  in  East  Texas,  May,  1912.  (Ex- 
(change. ) 

Map  of  Mexico.  (Compiled  and  drawn  by  M..  Hendges.  Washington,  1900. 
( Purchase. ) 

Mapa  de  la  Republica  de  Bolivia.     La  Paz,  1901.     (Purchase. ) 

Mexico.  A  General  Sketch.  C]k>inpiled  by  the  Pan  American  Union.  Wash- 
ington, 1911.     (Purchase.) 

Michigan  Geological  and  Biological  Survey.  Surface  Geology  and  Agricul- 
tural Conditions  of  the  Southern  Peninsula  of  Michigan.  (Publication  9 , Geo- 
logical Series  7. )    Lansing,  1912.     (Exchange.) 

Mining  and  Quarry  Industry  of  New  York  State.  Report  of  Operations 
and  Production  during  1911.  Bulletin  No.  161,  N.  Y.  State  Museum.  Al- 
bany, 1912.     (Exchange.) 

National  Employment  Exchange.  Annual  Report,  3d,  1912.  New  York, 
1912.     (Gift  of  National  Employment  Exchange.) 

New  Orleans.  Sewerage  and  Water  Board.  Semi- Annual  Report,  25th, 
1912.  New  Orleans,  1912.  (Gift  of  Sewerage  and  Water  Board  of  New 
Orleans. ) 

Nitrate  Deposits.  ( Bulletin  No.  523,  U.  S.  Geological  Survey. )  Washington, 
1912.     (Exchange.) 

Alfred  Nobel  der  Erfinder  des  Dynamits  und  GRt^NDER  der  Nobelstist- 
UNG.     By  Rich.  Hennig.     Stuttgart,  n.  d.     (Purchase.) 

North  Carolina  Geological  and  Economic  Survey.  Economic  Paper  Nos. 
27,  28.     Raleigh,  1912.     (Exchange.) 

Oil  Finding,  an  Introduction  to  the  Geological  Study  of  Petroleum.  By 
E.  H.  Cunningham  Craig.     London,  1912.     (Purchase.) 

Oklahoma  Geological  Survey.  Bulletin  No.  9.  Norman,  1912.  (Ex- 
change. ) 

Organ  DES  **Vbrbin  der  Bohrtechniker."  Vols.  1-11.  Wien,  1894-1904. 
( Purchase. ) 

Pan  American  Ojmmercial  Conference.  Proceedings,  Feb.  13-17,  1911. 
Washington,  1911.     (Purchase.) 

Peabody  Institute.  Annual  Report,  45th,  1912.  Baltimore,  1912.  (Ex- 
change. ) 
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Pliocene  and  Pleistocene  Foraminifera  from  Southern  California. 
(Bulletin  No.  513,  U.  S.  Geological  Survey.)  Washington,  1912.  (Ex- 
change. ) 

Die  Praxis  des  Eisenhuttenchemikees.  By  Carl  Krug.  Berlin,  1912.  (Par^ 
chase.) 

Railway  Library,  1911.  Compiled  by  Slason  Thompson.  Chicago,  1912. 
(Gift  of  Author.) 

Results  of  Spirit  Leveling  in  Ohio,  1911.  (Bulletin  No.  518,  U.  8.  Geo- 
logical Survey. )     Washington,  1912.     (Exchange.) 

Results  of  Spirit  Leveling  in  Pennsylvania.  1899-1911,  inclusive.  (Bulle- 
tin No.  515,  U.  S.  Geological  Survey.)     Washington,  1912.     (Exchange.) 

Sicherheitseinrichtungen  in  Chemischen  Betrieben.  By  Konrad  Hart- 
mann.     Leipzig,  1911.     (Purchase.) 

Staffordshire  Iron  and  Steel  Institute.  Proceedings.  Vol.  XXVII. 
Stourbridge,  1912.     (Exchange.) 

Strikes  and  Lock-outs.  Memoranda  prepared  from  information  in  the  poasea- 
sion  of  the  Labour  Department  of  the  Board  of  Trade  relating  to  the  text 
and  operation  of  certain  laws  in  the  British  Dominions  and  Foreign  Countries 
affecting  Strikes,  and  Lock-outs  with  especial  reference  to  Public  Utility 
Services.     London,  1912.     (Purchase.) 

Study  of  a  Contact  Metamorphic  Ore  Deposit.  The  Dolores  Mine,  at 
Matehuala,  S.  L.  P.,  Mexico.  By  J.  E.  Spurr,  G.  H.  Garrey  and  C.  H. 
Fenner.  (Reprinted  from  Economi/i  Geology y  Vol.  VII.,  No.  5,  Aug.,  1912.) 
(Gift  of  Bureau  of  Industrial  Research,  Washington. 

Surface  Water  Supply  of  the  United  States,  1910,  Parts  IV.,  IX.,  X. 
(Water  Supply  Paper  Nos.  284,  289,  290,  U.  S.  Geological  Survey.)  Wash- 
ington, 1912.     (Exchange.) 

Tasmania  Secretary  for  Mines.  Report,  1911.  Tasmania,  1912.  (Ex- 
change.) 

Die  tektonik  des  Emser  Gangzuges  nebst  einer  Betrachtuno  ^ber  An- 

WENDUNG  TEKTONISCHBR  BeGRIFFE  IN  BeRGBAU  UND  GbOLOGIE.      By  Adolf 

Krummer.     Berlin,  1912.     (Gift  of  Author. ) 
Treatise  on  General  and  Industrial  Inorganic  Chemistry.     Ed.  3.    By 
Ettore   Molinari.      Translated    by   Ernest  Feilmann.     Philadelphia,  1912. 
Price,  $6  net.     (Gift  of  P.  Blakiston's  Son  &  Co.) 

[NoTK — This  is  a  translation  by  Dr.  Ernest  Feilmann,  of  London,  of  the  third 
and  enlarged  Italian  edition  of  Prof.  Molinari' s  treatise.  It  is  not  surprising  that 
this  work  has  been  thus  translated  ;  for  it  is  really,  the  most  clear,  comprehensive 
and  compact  modern  manual  of  its  class. 

Of  its  four  divisions,  Part  I.  is  a  general  introduction,  dealing  with  the  funda- 
mental conception  and  laws  of  modem  chemistry  (which,  needless  to  say,  inclade 
much  that  used  to  be  called  physics).  The  subjects  of  matter  in  the  solid,  the 
liquid,  and  the  gaseous  state,  with  consideration  of  chemical  and  thermochemical 
equations,  specific  heat,  the  phenomena  of  dilute  solutions,  osmotic  pressure,  sur- 
face- and  vapor- tension,  ions,  colloidal  solutions,  crystallization,  ^^  liquid  crys- 
tals," **  phases,'*  radio-activity,  etc 

Part  II.  deals  with  the  chemistry  of  the  non-metals,  and  Part  III.  with  that  of 
the  metals.  Under  these  heads,  an  immense  amount  of  information  is  given,  with 
continual  reference  to  industrial  applications.  Abundant  references  to  authorities, 
several  hundred  really  helpful  illustrations,  and  an  elaborate  index,  make  the 
volume  specially  useful  to  students  ;  and,  in  turning  over  the  leaves,  I  have  been 
somewhat  surprised  to  find  it  highly  fascinating  to  the  general  reader,  as  a  well- 
drawn  and  well-balanced  picture  of  the  present  state  of  theoretical  and  applied 
chemistry — a  quality  whicli  is  not  always  prominent  in  tecJinical  treatises  prepared 
for  a  technical  public  only.  The  book  contains  704  pages  of  more  than  700  words 
to  the  page,  and  is  therefore  the  equivalent  of  two  volumes  of  larger  type.  The 
typography  is  beautifully  clear,  and  the  translation,  which  Dr.  Feilmann  declares 
to  be  conscientiously  faithful  to  the  Italian  text,  is  singularly  free  from  foreign 
idioms  or  awkward  periphrases.  It  reads  like  an  Englit«h  original — and  one  of 
very  good  style,  too. — K.  W.  R.] 
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U.  S.  Coast  and  Qeodetic  Survey.  Results  of  Observations  made  at  the  Coast 
and  Geodetic  Survey  magnetic  observatory  at  Sitka,  Alaska,  1909  and  1910. 
Washington,  1912.     (Exchange.) 

U.  S.  Geological  Survey.  Bulletin  Nos.  513,  516,  518,  623.  Washington, 
1912.     (Exchange.) 

Water  Supply  Paper  Nos.  284,  289,  290,  294,  298.     Washington,  1912. 

(Exchange.) 

U.  S.  Interstate  Commerce  Commission.  Bulletin  of  Revenues  and  Expenses 
of  Steam  Roads  in  the  United  Stetes,  July,  1912.  Washington,  1912.  (Gift 
of  Interstate  Commerce  Commission. ) 

Washington  Geological  Survey.  Bulletin  No.  14.  Olympia,  1912.  (Ex- 
change. ) 

Water  Resources  op  California.  Part  L,  Stream  Measurements  in  Sacra- 
mento River  Basin.  (Water  Supply  Paper  No.  298,  U.S.  Geological  Survey.) 
Washington,  1912.     (Exchange.) 

Western  Australia.  Geological  Survey.  Annual  Progress  Report,  1911. 
Perth,  1912.     (Exchange.) 

Gift  of  Hill  Publishing  Co. 

Abangarez  Gold  Fields  of  Costa  Rica.    Annual  Report  to  the  Stockholders, 

6th,  1911.     New  York,  1912. 
Canada.     Customs  Department.     Trade  and  Navigation  nnrevised  monthly 

statements  of  Imports  entered  for  consumption,  Aug.,  1912.     Ottawa,  1912. 
Chino  Copper  Co.     First  quarterly  report  covering  fourth  quarter,  1911.    New 

York,  1912. 
Days  of  Old  and  Days  op   Gold  in  British  Columbia.     A  few  reminis- 
cences of  the  early  gold  mining  days.     N.  p. ,  1912. 
Gr£»e.     MinistIjrb  des  Finances.     Bulletin  Trimestriel  du  Commerce  Special 

de  la  Grece.     No.  1,  1912.     Athens,  1912. 
Mining  Journal  (Russian),  March- Aug.,  1912.    St.  Petershurg,  1912. 
QuiNCY  Mining  Co.     Report,  1911.     New  York,  1912. 
U.  S.  Treasury  Department.     Comptroller  of  the  Currency.     Annual  Report, 

1911.     Washington,  19l2. 
Weidio,  M.     Radioaktive  Wasser  in  Sachsen.     IV.  teil.     Freiberg,  1912. 
WxJST,  F.    Mitteilungen  aus  dem  EisenhiittenmannlBchen  Institut  der  KOnigl. 

Techn.  Hochschule  Aachen.     Vierter  Bimd.     Halle  a/S.,  1911. 

Gift  of  West  Virginia  Mining  Association. 

Annual  Meeting  of  West  Virginia  Mining  Association.     1910. 

Meeting  op  the  Executive  Committee  of  West  Virginia  Mining  Asso- 
ciation.    Sept.  2,  1908. 

Education  of  Mine  Managers  in  Rescue  Work,  and  the  Dangers  In- 
volved BY  Untrained  Men  in  Attempting  Such  Work.  By  Wm. 
Leckie.     Oct.  7,  1908. 

Mining  Legislation  in  West  Virginia.    By  E.  W.  Knight.    Oct  7, 1908. 

Profit  and  Loss  Account.     By  Neil  Robinson.     Dec.  6-8,  1910. 

Recent  Mine  Disasters.  Causes  and  Remedies  as  far  as  ascertained.  By  J.  S* 
Cunningham.     Oct.  7,  1908. 

Standardization  ok  Explosives  for  Use  in  Mines.  By  J.  W.  Heron.  Oct 
7,  1908. 

West  Virginia  on  the  Brink  op  a  Labor  Struggle.  By  Neil  Robinson. 
Aug.  28,  1912. 

Why  West  Virginia  Coal  Operators  Oppose  Organization.  An  Argu- 
ment. 
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Trade  Catalogxtis. 

Qeneral  Electric  Co.,  Schenectady,  N.  Y. 

Bulletin  No.  A  4039.  .  Direct  Current  Motor-Starting  and  Speed- Regulating 
Kheostats  and  Panels,  1912.     35  pages. 

Bulletin  No.  A  4040.     Contactors  for  Industrial  Service,  1912.     10  pages. 

Bulletin  No.  4993.     Type  RI.,  Single-phase  Motors,  1912.     15  pages. 
A.  Leschen  &  Sons  Rope  Co.,  St.  Louis,  Mo.    Leschen's  Hercules,  Nov.,  1912. 
McKiebnan-Terry  Drill  Co.,  New  York,  N.  Y.      Pile  Hammers.     27  pages. 
Stephens-Adamson  Mfg.  Co.,  Aurora,  III.    The  Labor  Saver,  Nov.,  1012. 

United  Engineering  Society  Library. 

American  Library  Association.  Bulletin,  July,  1912.  ( Papers  and  Proceed- 
ings of  the  Ottawa  Conference.)    Chicago,  1912.     (Gift  of  W.  P.  Cutter.) 

Geschafts-Bericht  der  Deutschen  Buchdrucker  Berufs  Genossek- 
SCHAFT,  Jahr,  1911.  Frankfurt  am  Main,  1911.  (Gift  of  Deutschen  Buch- 
drucker Berufs  Genossenschaft.) 

Trade  Cataixwues. 
Buffalo  Wire  Works  Co.,  Buffalo,  N.  Y.     Catalogue  No.  5,  1904.     Ill  pages. 
De  Witf  Wire  Cloth  Co.,  New  York,  N.  Y".  Catalogue  No.  80-909.   148  pages. 

Wire  cloth  price  list  and  standard  gauges   adopted  March   7,    1899,  and 
March  14,  1900.     40  pages. 

Revised  list  of  wire  ropes  and  wire  cords,  1911.     11  pages. 
EsTBY  Wire  Works  Co.,  New  York,  N.  Y,  Catalogue  and  price-list  (wire  work), 
No.  20.     63  pages. 

Catalogue  No.  19  (wire  work).     68  pages. 
Liberty  Manufacturing  Co.,  Pittsburg,  Pa.    Circular  of  Boiler-Tube  Cleaner. 

4  pages. 
New  Jersey  Wire  Cloth  Co.,  Trenton,  N.  J.  Catalogue  No.  62, 1911.    45  pages. 
Parker  Wire  Goods  Co.,  Worcester,  Mass.      Catalogue  No.  3,  June,  1909. 

200  pages. 
Wright  Wire  Co.,  Worcester,  Mass.     General  Catalogue  of  wire,  wire  fabrics 

and  wire  products,  1912.    224  pages. 
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MEMBERSHIP. 

New  Members. 

The  following  list  comprises  the  names  of  those  persons  elected 
as  members  who  accepted  election  during  the  month  of  November, 
1912: 

Members, 

Ai^DEN,  Herbert  W.,  Mech.  Engr 33  Warren  Ave.  E.,  Detroit,  Mich. 

Bull,  Robert  A.,  Genl.  Supt Commonwealth  Steel  Ck).,  Granite  City,  111. 

Brooks,  John  Y  ,  Mgr.,  Alabama  City  Wks.,  Southern  Iron  A  Steel  Co., 

2714  Ensley  Ave.,  Enaley,  Ala. 
Cbamberlaix,  Morrow,  Secy,  and  Treas.,  Koane  Iron  Co.,  Chattanooga,' Tenn. 
Crandall,  Koderic,  Geol.,  Brazilian  Geol.  Sarvev, 

Care  W'.  A.  Manning,  Palo  Alto,  Cal. 

Emerson,  Edward  H.,  Min.  Engr Cuba  Copper  Co-,  Santiago  de  Cuba,  Cuba. 

Fyfe,  Alexander,  Met.  Engr P.  O.  Box  400,  Haileybury,  Ont,  Canada. 

Goedicke,  Carl,  Mine  Mgr P.  O.  Box  535,  San  Antonio,  Tex. 

GrOETTER,  FREDERICK  B.,  Mill  &  Cyanide  Supt.,  Mexican  CandeUria  Co., 

S.  A.,  San  Dimas,  Dur.,  Mexico. 
Hendricks,  Georoe  F.,  Min.  Engr.,  Nipissing  Mining  Co.,  Cobalt,  Ont.,  Canada. 
JoRALEMON,  Ira  B.,  Min.  Geol.,  Calumet  <&  Arizona  Mining  Co.,  Warren,  Ariz. 

LoRiNG,  Edward  A.,  Min.  Engr 62  London  Wall,  London,  E.  C,  England. 

McKee,  Arthur  G.,  Contr.  and  Cons  Engr.,  1303  Bockefeller  Bldg.. 

Cleveland,  Ohio. 
Maynard,  Edward  W,,  Chem.,  E.  I.  du  Pont  de  Nemoun  Powder  Co., 

Senter,  Mich. 

Meyers,  William  R.,  Min  Engr Cleveland-Clififs  Iron'Co.,  Princeton,  Mich. 

NoTMAN,  Arthur,  Min.  Geol P.  O.  Box  1062,  Bisbee,  Ariz. 

Reed,  Alfred  C,  Civ.  Engr Felton,  Oriente,  Cuba. 

Rood,  Vernon  8.,  Mine.  Supt.,|Utah  Apex  Mining  Co.,  Bingham  Canyon,  Utah. 

RowE,  Fremont  S..  Mine  Supt Hecla  Mine,  Burke,  Idaho. 

Sinclair,  M.  J.,  Mine  Supt Kellogg,  Idaho. 

Stillman,  Charles  A.,  Secy,  and  Treas Iroquois  Iron  Co.,  So.  Chicago,  111. 

Tate,  E.  L.,  Mine  Mgr P.  O.  Box  384,  Spokane,  Wash. 

Treat,  Lloyd  B.,  Min.  Engr 8th  Avenida  Sur.  No.  IH,  Mexico  City,  Mexico. 

Watanabe,  Wataru,  Prof,  of  Min.  and  Met.,  Imperial  University  of 

Tokvo,  34  Hayashi-cho,  Hongo,  Tokyo,  Japan. 
Wilson,  Frederick  C,  Asst  Supt.,  Spanish- American  Iron  Co., 

Felton,  Oriente,  Cuba. 
Yeager,  Howard  M.,  Min.  Engr Continental  CoalCorpn.,  Wallsend,  Ky. 

Associates. 

Elk  AN,  Bbnno,  Mgr.  Am.  Branch,  Beer,  Sondheimer  &  Co., 

42  Broadway,  New  York,  N.  Y. 
Graybill,  John  H.,  Electrical  Inspector,  Jones  &  Langhlin  Steel  Co., 

Pitteburg,  Pa. 
Holmes,  R.  G.,  Salesman,  Denver  Rock  Drill  Co., 

Care  United  Iron  Works,  Spokane,  Wash. 
Johnston,  Roderick  L.,  Tank  House  Foreman,  U.  S.  Metals  Refining  Co., 

Chrome,  N.  J. 

Candidates  for  Membership. 

The  following  persons  have  been  proposed  during  the  month  of  No- 
vember, 1912,  for  election  as  members  of  the  Institute.  Their  names 
are  published  for  the  information  of  members  and  associates,  from 
whom  the  Committee  on  Membership  earnestly  invites  confidential 
communications,  favorable  or  unfavorable,  concerning  these  candi- 
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dates.  A  sufficient  period  (varying  in  the  discretion  of  the  Com- 
mittee, according  to  the  residence  of  the  candidate)  will  be  allowed 
for  the  reception  of  such  communications,  before  any  action  upon 
these  names  by  the  Committee.  After  the  lapse  of  this  period,  the 
Committee  will  recommend  action  by  the  Council,  which  has  the 
power  of  final  election. 

Members, 
Hanr  Boyle,  Seattle,  Wash. 

Fropoeed  by  A.  F.  Blair,  I.  F.  Laucks,  Cheater  F.  Lee. 
John  Edward  Brantly,  University,  Ala. 

Proposed  by  Eugene  A.  Smith,  H.  B.  Litchman,  J.  M.  Shools. 
Thomas  Ewing  Carter,  Chattanooga,  Tenn. 

Proposed  by  T.  Poole  Maynard,  H.  B.  Litchman,  Eugene  A.  Smith. 
William  Henry  Casto,  Jr.,  Garfield,  Utah. 

Proposed  by  Bichard  S.  McCaftery,  Francis  Jenkins,  C.  A.  Stewart. 
Jesse  S.  Cheyney,  Glamorgan,  Wise  Co.,  Va. 

Proposed  by  James  Gayley,  W.  K.  Walker. 
John  Ernest  Davis,  Villa  Nova  de  Lima,  Minas,  Brazil. 

Proposed  by  Walter  T.  Holberton,  H.  A.  Kellar,  Franklin  Guiterman. 
W.  Lee  Heidenreich,  Newhouse,  Utah. 

Proposed  by  James  F.  Kemp,  Charles  P.  Berkey,  William  Campbell. 
Charles  M.  Heron,  Yzabal,  Sonora,  Mexico. 

Proposed  by  S.  W.  Mudd,  Philip  Wiseman,  Frank  A..  Keith. 
Charles  Ransom  Hill,  Boston,  Mass. 

Proposed  by  Robert  H.  Richards,  Charlea  £.  Locke,  H.  O.  Hofman. 
Edwin  Alexander  McKanna,  Oklahoma  City,  Okla. 

Proposed  by  W.  Earl  Greenough,  James  h\  McCarthy,  William  J.  HalL 
Angus  William  Macdonald,  Sydney,  Nova  Scotia. 

Proposed  by  F.  E.  Lucas,  Joseph  W.  Revere,  J.  H.  Gray. 
James  F.  Magee,  Santiago  de  Cuba,  Cuba. 

Proposed  by  James  E.  Little,  K.  V.  McKay,  S.  A.  Barratt. 
Walter  Curran  Mcndenhall,  Washington,  D.  C. 

Proposed  by  W.  Lindgren,  F.  L.  Ransome,  E.  W.  Parker. 
Burt  Hewitt  Parsons,  Keokuk,  Iowa. 

Proposed  by  Hugh  L.  Cooper,  Beverly  R.  Value,  David  B.  Rushmore,  O.  B. 
Perry. 
Axel  Morton  Peterson,  Brussels,  Belgium. 

Proposed  by  S.  H.  Ball,  Donald  Steel,  Lucius  W.  Mayer. 
William  Robert  Phibbs,  Mayville,  Wis. 

Proposed  by  E.  S.  O'Connor,  B.  W.  Vallat,  A.  F.  Plock. 
Harrv  M.  Pier,  Newark,  N.  J. 

Proposed  by  K.  W.  McComas,  Edward  Keller,  Hugh  D.  Pallister. 
Yoshio  Tsuboi,  Akita-ken,  Japan. 

Proposed  by  Joseph  W.  Richards,  Willard  8.  Morse,  P.  A.  Mosman. 
Thomas  William  Van  Ess,  Unsan,  Korea. 

Proposed  by  Alf.  Welhaven,  J.  B.  Lower,  A.  E.  DeardorfT. 
F.  R.  Wadleigh,  Norfolk,  Va. 

Proposed  by  W.  R.  Ingalls,  A.  T.  Shurick,  J.  T.  Beard. 

Associates, 

Raymond  Chase  Bergen,  Brookline,  Mass. 

Proposed  by  Rol3ert  H.  Richards,  H.  O.  Hofman,  Charles  £.  Locke. 
George  Davenport  Kirkham,  Niles,  Ohio. 

Proposed  by  A.  R.  Ledoux,  E.  Gybbon  Spihbury,  Charles  F.  Rand. 
William  Albert  Rice,  Ringwood  Manor,  N.  J. 

Proposed  by  S.  H.  Hamilton,  Guy  C.  Stollz,  N.  V.  Hansell. 
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Robert  A.  Ricketta,  Topeka,  Kan. 

Proposed  by  J.  deN.  Macomb,  Jr. 
Howard  S.  Stebbins,  Cleveland,  Ohio. 

Proposed  hy  L  B.  Miller,  Oscar  Textor,  C.  B.  Murray. 
Robert  Keeler  Warner,  Syracuse,  N.  Y. 

Proposed  by  J.  F.  McClelland,  L.  W.  Bahney,  J.  D.  Irving. 
F.  S.  Wayne,  New  York,  N.  Y. 

Proposed  by  H.  Foster  Bain,  Thomas  T.  Read,  R  Gybbon  Spilsbury. 

Change  of  Status. 
R.  Gordon  Chaney,  Jr.,  Kenil worth,  Utah. 

Changes  of  Address  of  Members. 

The  following  changes  of  address  of  members  have  been  received 
at  the  Secretary's  office  during  the  month  of  November,  1912.  This 
list,  together  with  the  lists  published  in  BuUstin  Nos.  63  to  71, 
March  to  November,  1912,  and  the  foregoing  list  of  new  members, 
therefore,  supplements  the  annual  list  of  members  corrected  to 
Feb.  1,  1912,  and  brings  it  up  to  the  date  of  Dec.  1, 1912. 

Adams,  Huntington Apartado  127,  Oaxaca,  Oax.,  Mexico. 

Adams,  Walter  C Turkish  Bath  Hotel,  Montreal,  Canada. 

Ammon,  Mark  A..... The  Willys-Overland  Co.,  Toledo,  Ohio. 

Barrows,  Walter  A.,  Jr Brainerd,  Minn. 

Bird,  Robert  Montgomery 220  Wall  St.,  Bethlehem,  Pa. 

Braly,  Norman  B 822  W.  Silver  St,  Butte,  Mont. 

Broderick,  Carlton  T 162  Congress  St.,  Boston,  Mass. 

Brunton,  Frederick  K.,  Asst.  Supt,  British  Columbia  Copper  Co., 

Greenwood,  B.  C,  Canada. 

BuRLBY,  Curtis  B.,  Chem Hecla  Mining  Co.,  Gem,  Idaho. 

Caldwell,  William  A.,  New  Ravenswood  Mining  Co.,  Ltd., 

Ravens  wood,  Queensland,  Australia. 

CoBBE,  Hervic  N.  G 86  York  St,  Westminster,  London,  S.  W.,  England. 

Cole,  Frank  L ., Shanghei,  China. 

Cole,  T.  F 1400  Alworth  Bide.,  Duluth,  Minn. 

CoLvocoRBssES,  Georoe  M Room  1407,  43  Exchange  PL,  New  York,  N.  Y. 

Cook,  Edward  H.,  Mgr.  and  Owner,  Minasde  Birimoa,  Birimoa,  via 

Canelas,  Dur.,  Mexico. 

CoQORO,  John  P Apa.rtado  Postal  447,  Mexico  City,  Mexico. 

Cranston,  KoBEBT  E 819  Mills  Bldg.,  San  Francisco,  Cal. 

Cremer,  Felix,  Cia.  de  Minas  La  Blanca  y  Anexas,  S.  A., 

Apartado  142,  Pachuca,  Hid.,  Mexico. 

Daniel,  Jambs  M.,  Jr .....459  Washington  Ave.,  Brooklyn,  N.  Y. 

Devereux,  Walter  B.,  Jr 60  Broadway,  New  York,  N.  Y. 

Edmondson,  Horace  W 6050  Carlton  Way,  Hollywood,  Cal. 

Emert,  a.  B.,  Care  A.  Goerz  &  Co.,  Ltd.,  la  de  Neuvo  Mexico  6, 

Mexico  Citv,  Mexico. 

Emmel,  Rudolph Ludwij?,  Nev. 

Emmens,  Newton  W 505  Metropolitan  Bldg.,  Vancouver,  B.  C,  Canada. 

Emmons,  N.  H North  Butte  Mining  Co.,  Butte,  Mont. 

Fisher,  Howell  T 411  Dorchester  St.,  W.,  Montreal,  Canada. 

Eraser,  Alexander  J.,  Supt El  Oro  Mine,  Old  Glory,  Ariz. 

Gallwey,  Harry  A.,  Genl.  Mgr.,  Butte,  Anaconda  &  Pacific  Ry.  Co., 

Anaconda,  Mont. 
GooDE,  K  Noel,  Ml.  Morgan  Gold  Mining  Co.,  Mt.  Morgan,  Queensland, 

Australia. 

Hamilton,  Thomas  M Lewistown,  Mont. 

Henderson,  Harry  P 60  Broadway,  New  York,  N.  Y. 

Hunt,  Bertram Care  E.  Hunt  &  Co.,  121  W.  George  St,  Glasgow,  Scotland. 

Imhoff,  Alexander 458J  Custer  Ave.,  Los  Angeles,  Cal. 
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J  AMES)  Cyril  H.,  Min.  Engr.,  Bewick,  Moreing  &  Co.,  62  London  Wall, 

London,  £.  C,  England. 

Jaqubs,  W.  H Hotel  Puritan,  Commonwealth  Ave.,  Boston,  Maaa. 

Kaeding,  Henry  B 4956  Langley  St.,  2d  D.,  Chicago,  111. 

KiMMEL,  Harry  R 532  E.  n2th  St.,  Cleveland,  Ohio. 

KoNO,  Shun  T.,  Board  of  Industries  and  Commerce,  Canton,  Kwantang,  China. 

Landers,  William  H 2400  Van  Ness  Ave.,  San  Francisco,  Cal. 

LiNDGREN,  Waldemar Mass.  Inst  of  Technology,  Boston,  Mass. 

LoNQAN,  Walker  B.,  Care  American  Smelting  &  Refining  Co., 

Charcas,  S.  L.  P.,  Mexica 

McChrystal,  Jackson  C 723  Keams  Bldg.,  Salt  Lake  City,  Utah. 

McIntyre,  John  E P.  O.  Box  122,  Nogales,  Arix. 

McKinlay,  William  B 16  Broad  St,  New  York,  >^.  Y. 

Malcolmson,  Charles  T.,  Prest,  Malcolmson  Briquet  Engrg.  Co., 

Old  Colony  Bldg.,  Chicago,  111. 

Manahan,  Robert  F Minas  Tecolotes,  Santa  Barbara,  Chih.,  Mexico. 

Menbfee,  Arthur  B.,  Supt  of  Mines,  Empire  Steel  &  Iron  Co.,  Oxford,  N.  J. 

MiTiNSKiJ,  Alexander  N V.  O.  2,  line  V.  3,  St  Petersburg,  Russia. 

MiTKE,  Charles  A P.  O.  Box  1226,  Dawson,  N.  M. 

MooNEY,  James  D Care  Spokane  Hotel,  Si>okane,  Wash. 

MoN-^ANDON,  George  E * Cnuquicamata,  Chile,  So.  Amer. 

Montgomery,  Ernest  A.,  1106  Los  Angeles  Investment  Bldg.,  Loe  Angeles,  Cal. 

Newberry,  Roger  W 615  Orange  St,  New  Haven,  Conn. 

Nichols,  Horace  G Mawmead,  Ashtead,  Surrey,  England. 

Patrick,  William  B P.  O.  Box  32,  Millers,  Nev. 

Pearce,  William  C.  W.,  Min.  and  Met  Engr.,  Mgr.,  Hadleigh  Castle  Mine, 
Lancelot,  via  Herberton,  No.  Queensland,  Australia. 

Pill,  John  R Corona  Coal  &  Iron  Co.,  Corona,  Ala. 

Playter,  Franklin 205  Hemenway  St,  Boston,  Mass. 

Pluemeb,  a 589  Westminster  Ave.,  Elizabeth,  N.J. 

Radford,  William  H.,  Min.  Engr 2360  Broadway,  San  Francisco,  Cal. 

Rehfuss,  Louis  a Reno,  Nev. 

Ripley,  G.  Clinton American  Zinc  Co.,  Mascot,  Tenn. 

Rodgers,  Joseph  H 2357  11th  Ave.  N.,  Seattle,  Wash. 

Rodgers,  Myron  K 2338  10th  Ave.  N.,  Seattle,  Wash. 

Rogers,  William  B 60  Broadway,  New  York,  N.  Y. 

RuGGLES,  Guy  H Clifton,  Arit 

Scott,  Walter  M.  H P.  O.  Box  834,  Rio  de  Janeiro,  Brazil,  So.  Amer. 

Short,  Frank  R 1057  Monadnock  Bldg.,  San  Francisco,  Cal. 

Slattery,  Michael  J Apartado  77,  Guadalajara,  Jal.,  Mexico. 

Thornton,  Edward  T Superior,  Ariz. 

TiTCOMB,  Harold  A Salisbury  House,  London,  E.  C,  England. 

Turner,  R.  Chester Black  Hawk,  Colo. 

Wagner,  Percy  A P.  O.  Box  427,  Salisbury,  Rhodesia,  So.  Africa. 

Whitman,  Philip R Supt,  U.  S.  Treasury  Mining  Co.,  Chloride,  N.  M. 

WrcKES,  L.  Webster 134  Norton  Ave.,  Los  Angeles,  Cal 

Wii.BRAHAM,  Arthur  G.  B.,  2  Laurence  Pountney  Hill,  London,  E.C.,  England. 
Yates,  James Instructed  to  hold  all  mail. 

Addresses  op  Members  and  Associates  Wanted. 

Name.  Last  Address  of  Record,  Arom  which  Mail  has  been  Returned. 

Armstrong,  Richard  E., 416  E.  So.  2d  St,  Salt  Lake  City,  Utah. 

Baxter,  Francis  K.,  Jr., 423  Wells  Fargo  Bldg.,  San  Francisco,  Cal. 

D^nforth,  A.  H.,    i Cotopaxi.  Colo. 

David,  W.  M., Care  C.  G.  Hussey  &  Co.,  Second  Ave.,  Pitts- 
burg, Pa. 

Dyott,  George  M., 50  Church  St,  New  York,  N.  Y. 

Eggers,  John  H.,  Jr., Hughes  Creek  Mine,  Kings  River  P.  O.,  Cal. 

Fergusson,  Hugh  B., 216  Loo  Bldg.,  Vancouver,  B.  C,  Canada. 

Fitzgerald,  Thomas  F.  M.,  .    .    .    .211  Sharon  Bldg.,  Salt  Lake  City,  Utah. 

Fumess,  James  W., Coffee,  Trinity  Co.,  Cal. 

Gmelin,  Ernest, Apartado  57,  Affuascalientes,  Mexico. 

Greenley,  Louis  A., Dixie  Meadows  Mining  Co.,  Prairie  City,  Ore. 
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Higgins,  Edwin, EUncUburg,  Cal. 

HilBon,  Cleaveland, Liyingston,  Mont. 

HoUie,  B.  W., Silverton,  Colo. 

Horscnitz,  Richard  J., P.  O.  Box  453,  Hailejbiur,  Ont.,  Canada. 

Johnson,  Dion  L., 325  Water  St,  Pittsburg,  Pa. 

Lampshire.  John  O., Valture  Mine,  Wickenburg,  Ariz. 

Le  Noir,  Frank  H., Box  16,  Mt.  Bullion,  Cal. 

McDougall,  WalUoe  D., 20  Bedford  Place,  Bussell  Sq.,  London,  £ng. 

Midins,  Francis  A., Metates  Mine,  San  Marcos,  oin.,  Mexico. 

Moore,  Roy  W., P.  O.  Box  48,  Velasco,  Tex. 

MunioCy  Martin, Bengal  Coal  Co.,  Munilidih,  Mohada,  B.  N. 

Ry.,  Bengal,  India. 

Nelson,  D.W.C., Baker  aty.  Ore. 

Oldfield,  Frank  W., Mexican  \fine8Co.,  Bolafios,  Jal.,  Mexico. 

Perks,  Harry  B., 419  Board  of  Trade  Bldg..  Portland,  Ore. 

Peterson,  Frank, H.  W.  Hellman  Bldg.,  ifts  Angeles,  Cal. 

Rathborne,  Merwyn  R.  W.,    .    .    .  Amargosa,  via  Las  Vegas,  Nev. 

Rhe  w,  James  W. ,  Cia.  Minera  j  Ex  ploradora  de  Vehtanas,  S.  A. ,  V  entanas,  Du  r. ,  Mex . 

Rickard,  Harold, Foley-O' Brien,  Ltd.,  So.  Porcupine,  Ont.,  Canada. 

Sanders,  Bernard  H.,    .    .  Cartegena  Water  Wks.,  Cartegena,  Colombia,  So.  Amer. 

Sheldon,  Waldo, Urique,  Chih.,  Mexico. 

Strohecker.  John  W., Roesland,  B.  C,  Canada. 

Twynam,  Henry,    .    .   .  O.  K.  Copper  Mine,  Cairns,  No.  Queensland,  Australia. 

Vinicombe,  Robert  E.B., Post  Restante,  Vladikafkas.  So.  Russia. 

Watson,  Ralph  W., Calloo,  Utah,  Clifton  Mail  box. 

Webster,  Erastus  H., Hotel  Coemopolita,  Guadalajara,  Jal.,  Mexico. 

White,  W.  P.      10  Bernard  St.,  Spokane,  Wash. 

Necrology. 

The  deaths  of  the  following  members  were  reported  to  the  Secre- 
tary's ofl&ce  during  the  month  of  November,  1912: 

Date  of 
Election.  Name.  Date  of  Decease. 

1903.  **Carter,  Thomas  Lane, September  — ,  1912, 

1900.     *Mussen,  Horace  W., April  18, 1912. 


*  Member.  **  life  Member. 
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[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OP  MINING  ENQINKERS.] 


The  Microstructure  of  Iron  and  Steel. 

BY  WILLIAM  CAMPBELL,   PH.D.,   SC.D.j*  NEW  YORK,    N.   Y. 
(Cleveland  Meeting,  October,  1912.) 

The  structure  of  iron  and  steel,  though  the  object  of  so  much 
study  and  research  for  the  past  25  years,  is  by  no  means  thor- 
oughly understood. 

In  the  first  place,  we  have  three  or  more  distinct  iron-carbon 
thermal  diagrams,  each  with  its  own  supporters,  and  each  rep- 
resenting a  theory  of  the  structure  and  constitution  of  cast- 
iron. 

In  the  second  place,  by  reason  of  the  fact  that  austenite,  the 
solid  solution  of  carbon  in  iron,  decomposes  in  the  solid  state 
into  ferrite,  or  pure  iron,  and  cementite  (FCgC),  and  that  quench- 
ing from  above  this  transition-range,  no  matter  how  rapid,  can- 
not entirely  prevent  the  change  and  thus  preserve  the  austenite 
by  itself  at  ordinary  temperatures,  it  happens  that  under  the 
microscope  we  find,  in  addition  to  the  ferrite,  Fe^C,  and  austen- 
ite, which  the  thermal  diagram  of  steel  requires,  a  series  of 
transition-products  with  distinctive  structures,  to  which  have 
been  given  the  names  martensite,  troostite,  sorbite,  etc.  Now 
these  transition-products,  in  addition  to  the  solid  solution,  aus- 
tenite, have  been  the  source  of  much  controversy,  at  times  very 
bitter.  One  side  would  insist  that,  say,  troostite  was  an  entity, 
which  the  other  side  would  deny,  pointing  out  that  it  must  be 
a  transition-mixture,  with  a  particular  structure.  That  austen- 
ite was  a  solid  solution  of  carbon  in  iron  has  been  denied  by 
one  school ;  we  have  been  told  that  FCg^C  dissolved  both  Fe^C 
and  Fe,  and  thus  gave  rise  to  a  whole  series  of  quenching-pro- 
ducts — all  this  in  spite  of  the  fact  that  no  matter  how  the  ther- 
mal diagrams  differ  in  regard  to  cast-iron,  they  all  agree  in 
regard  to  the  solid  solution,  austenite,  for  Fe^G  finds  no  place 
on  the  diagram. 

Thus  it  happens  that  while  the  authorities  fight  both  in  regard 
to  the  iron-carbon  diagram  and  the  structures  met  with  in  hard- 

*  Associate  Professor  of  Metallurgy,  Columbia  University  in  the  City  of  New 
York. 
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ened,  tempered,  and  certain  alloy-steels,  the  engineer  who  would 
apply  metallography  to  every-day  problems  is  bewildered  at  the 
outset  by  the  contradiction  of  axioms,  postulates,  and  funda- 
mental propositions ;  and  unless  he  realizes  that  for  him  these 
things  are  relatively  unimportant,  he  will  probably  give  up 
metallography  in  despair.  After  all,  if,  under  the  microscope, 
we  can  identify  certain  structures  with  certain  properties ;  aus- 
tenite  with  strength  and  toughness  and  want  of  magnetism ; 
martensite  with  extreme  hardness,  brittleness,  and  want  of  duc- 
tility;  sorbite  with  strength  and  ductility,  though  not  hardness; 
pearlite,  the  mechanical  mixture  of  Fe  and  Fe^C,  with  ductility, 
but  less  strength  and  hardness  than  the  rest,  we  have  a  valuable 
aid  in  testing  material,  even  if  we  cannot  define  with  exactness 
the  ultimate  constitution  of  the  different  things  we  recognize 
under  the  microscope. 

In  the  present  paper  an  attempt  has  been  made  to  set  forth 
a  few  of  the  main  features  encountered  in  the  microscopic  ex- 
amination of  iron  and  steel,  together  with  some  of  the  points 
still  under  discussion. 

Classification  of  Iron  and  Stbbl. 
I.  Wrought-iron : 

1.  Puddled  iron. 

2.  Charcoal-hearth  iron  (wrought-steel). 

3.  Fagoted  iron. 

4.  Busheled  iron. 
II.  Low-carbon  steel : 

1.  Pipe-steel,  comparison  with  iron.     Welds. 

2.  Mild-steel,  0.1  per  cent,  of  C.     Segregated  bands. 

MnS,  etc. 

3.  Structural  steel,  from  0.2  to  0.3  per  cent,  of  C.     Size 

of  grain.     Lamination. 

III.  Medium-carbon  steel  : 

1.  Castings.     The  diagram.    Heat-treatment  to  refine. 

MnS. 

2.  Axles.     "  Recrystallization."     Heat-treatment, 

IV.  Rail-steel: 

1.  Amount  of  pearlite.    Grain-size.    Old  rails  and  new. 

2.  Segregation  and  carbon-content.     Flaws. 
8.  Tire-steel. 
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V.  High-carbon  steel  : 

1.  0.75  to  2.0  per  cent,  of  carbon.     Normal  structure^ 

Effect  of  reheating. 

2.  Graphite  precipitation. 

8.  Hardening  structures.     Tempering. 
VI.  Cement-steel  and  case-hardening  steel. 
Vn.  Alloy-steel: 

1.  Pearlitic:  Nickel-steel. 

2.  Aastenitic:  Manganese-steel. 

3.  Martensitic :  Air-hardening  steel. 

I.    WroughUlron. 

Wrought-iron  is  the  product  of  the  treatment  of  pig-iron  in 
the  puddling-furnace  or  charcoal-hearth,  of  reheating  bundles 
of  scrap-iron  and  steel  (fagoting),  of  treating  miscellaneous 
scrap-steel  in  the  puddling-furnace  (busheling). 

There  can  be  distinguished  four  main  types  of  wrought-iron  : 
1,  puddled  iron;  2,  charcoal-hearth  iron  (wrought-steel) ;  3, 
fagoted  iron;  4,  busheled  iron. 

1.  Puddled  Iron  contains  (unlike  steel,  etc.)  no  manganese, 
high  phosphorus  (which  is  mainly  in  the  slag),  as  compared 
with  charcoal-hearth  iron  or  ingot-iron ;  and  under  the  micro- 
scope is  composed  of  polygonal  grains  of  f errite,  through  which 
are  distributed  threads  or  elongated  flakes  of  slag.  Fig.  1. 
When  one  considers  the  process  of  manufacture,  the  cause  of 
this  structure  becomes  evident.  The  metal  comes  to  nature  as 
solid  grains  and  dendrites  of  pure  iron,  which  are  worked  up 
into  a  ball,  and  withdrawn  from  the  furnace  dripping  with 
molten  slag.  Next  the  greater  part  of  the  slag  is  squeezed  out 
under  the  hammer,  or  in  the  squeezer,  while  a  further  slight 
amount  is  extruded  in  the  puddle-rolls.  The  product  is  a 
muck-bar  of  coarse  grain  and  coarse  slag-fibers.  This  is  cut 
up,  piled,  reheated  to  welding-heat,  and  rolled  out  once  more. 
The  resulting  metal  has  proportionately  finer  grains  and  finer 
slag-fibers.  A  second  piling,  reheating,  and  rolling  will  pro- 
duce a  still  finer  slag-fiber.  In  addition,  a  certain  amount  of 
oxide  also  is  introduced  as  fibers  and  flakes  with  each  piling 
and  reheating. 

An  examination  of  the  slag  of  wrought-iron  shows  that  in  the 
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case  of  rounds  and  squ^^res  the  form  is  that  of  fibers,  while  with 
fiats  and  sheets  it  is  necessarily  that  of  fiakes  and  elongated 
plates.  The  slag  is  composite  and  consists  of  a  dark  ground- 
mass  (probably  silicate)  full  of  dendrites  and  round  globules  of 
a  lighter  material,  showing  a  bluish  tinge  by  vertical  light 
(probably  oiride).  The  ferrite  matrix  is  composed  of  polygonal 
grains.  Fig.  13,  the  size  of  which  depends  on  the  time  and  tem- 
perature in  the  reheating-furnace  and  the  amount  of  reduction 
of  the  metal  with  rolls,  presuming  that  the  fiuishing-temperar 
ture  is  above  the  critical-point,  Arj,  or,  say,  900°  C.  If,  on  the 
other  hand,  the  metal  is  finished  below  this  point,  the  grains 
of  ferrite  are  more  or  less  elongated  in  consequence.  As  three 
different  types,  we  might  compare  the  structure  of  a  piece  of 
large  shafting  or  an  old  wrought-iron  rail  with  that  of  a  piece 
of  pipe-skelp,  and  a  piece  of  cold-rolled  iron. 

2.  CharcoalrHearth  Iron  (  Wrong hUSieel)  contains  no  manga- 
nese (being  thus  distinguished  from  steel);  the  phosphorus- 
content  is  much  lower  than  that  of  puddled  iron,  and  the 
presence  of  slag  distinguishes  it  from  ingot-iron. 

In  structure,  charcoal-iron  is  very  similar  to  puddled  iron, 
but,  owing  to  the  fact  that  it  comes  in  contact  with  the  glowing 
bed  of  charcoal  during  manufacture,  parts  of  the  bloom  become 
carburized,  and  these  appear  in  the  finished  sheet  or  bar  as 
bands  of  ferrite,  containing  more  or  less  pearlite.  The  center 
of  the  band  contains  most  pearlite,  which  gradually  fades  away 
towards  the  outside  and  passes  into  pure  ferrite.  This  is  typi- 
cally shown  in  Fig.  2.  The  slag  has  the  same  characteristics 
as  in  puddled  iroui 

Dannemora  iron  is  converted  into  blister-steel  by  cementa- 
tion, and  may  be  used  by  remelting  in  crucibles  for  the  manu- 
facture of  crucible-steel.  Hence  the  presence  of  considerable 
quantities  of  carbon  is  not  objectionable.  On  cutting  a  cross- 
section  through  certain  brands,  the  banded  appearance  shows 
very  markedly  to  the  eye.  Under  the  microscope  we  find 
alternating  bands  of  ferrite  and  slag,  ferrite  and  pearlite,  and 
even  pearlite  alone,  the  one  band  passing  imperceptibly  into 
the  next.  Such  material  has  been  called  wrought-steel,  when 
capable  of  hardening. 

3.  Fagoted  Iron,  as  commonly  made,  is  a  mixture  of  old 
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wrought-iron  and  scrap-steel,  preferably  low  in  carbon.  When 
the  scrap  is  small,  a  "  box-pile  "  is  made,  with  base  and  sides 
composed  of  sheet  wrought>iron,  and  the  interior  is  filled  with 
a  mixture  of  iron  and  scrap-steel.  The  whole  is  heated  to  weld- 
ing-heat and  then  rolled  out,  as  in  the  manufacture  of  puddled 
iron.  Hence  this  material  usually  contains  an  appreciable 
amount  of  manganese.  In  structure  it  resembles  charcoal- 
hearth  iron,  for  it  contains  bands  of  ferrite  and  pearlite;  but 
these  bands,  due  to  the  scrap-steel,  do  not  pass  imperceptibly 
into  the  ferrite  (and  slag)  areas  as  in  charcoal-hearth  iron. 
There  is  generally  a  sharp  line  of  division  between  the  two, 
with  a  more  or  less  continuous  band  of  slag  and  oxide  fibers, 
which  is  seldom  the  case  in  charcoal-hearth  iron.  Fig.  14  is  a 
cross-section  of  such  material. 

4.  JBusheled  Iron. — By  busheling  scrap  is  meant  the  charging 
of  the  puddling-furnace  with  baskets  of  small  steel  scrap,  bring- 
ing them  to  incipient  fusion,  balling  the  mass,  and  squeezing 
out  and  rolling  as  in  the  true  puddling  process.  This  pro- 
duces a  bar  or  sheet  composed  of  particles  of  steel  compactly 
welded  together,  with  intermingled  slag,  closely  resembling 
puddled  iron,  but  containing  much  more  manganese  (and  gen- 
erally less  phosphorus).  The  structure  of  this  material  is  ex- 
tremely hard  to  distinguish  from  puddled  iron  on  the  one  hand 
and  charcoal-hearth  iron  on  the  other,  because  the  distinct 
lines  of  separation  between  iron  and  steel  as  formed  in  fagoted 
material  are  missing. 

On  the  other  hand,  if  the  steel  scrap  is  actually  melted  in 
the  puddling-furnace,  there  is  nothing  in  etching  to  distinguish 
the  structure  of  the  finished  product  from  wrought-iron. 

n.  Low- Carbon  Steel. 

For  the  sake  of  convenience  there  is  included  in  this  group 
material  up  to  0.8  per  cent,  of  carbon,  such  as  is  used  for 
structural  purposes. 

1.  Pipe-Steel  and  Skelp. — The  chief  question  in  microscopic 
examination  is  to  decide  whether  a  pipe  is  composed  of  puddled 
iron,  charcoal-hearth  iron,  or  steel.  The  following  are  analyses 
of  these  three  materials,  together  with  ingot-iron  for  com- 
parison : 
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Per  Cent. 
Trace  — 0.2 

Trace. 
0.36  —  0.45 
0.02 

P. 

S. 

Slag. 

SI. 

c. 

Puddled  iron 

Charcoal-iron 

Steel  

Per  Cent. 
0.12 
0.03 
0.1 
0.005 

Percent. 
0.02 
0.007 
0.04 
0.015 

Percent. 
1.0 
0.75 
0.1 

Percent. 
0.2 
0.04 
0.04 
0.005 

Percent. 

0.03 

0-0.09 

0.07—0.09 

In  onot-iron. 

0.02 

The  carbon  averages  0.03  per  cent,  in  all  but  steel.  Of  course, 
there  are  many  variations  from  the  above,  and  many  cases 
cannot  be  decided  by  analysis  or  by  the  microscope  alone.  We 
have  already  discussed  the  difference  between  puddled  and 
charcoal-hearth  iron.  Steel  is  composed  of  ferrite  with  from  8 
to  10  per  cent,  of  pearlite,  usually  occurring  as  small  patches 
between  the  grains  of  the  ferrite.  In  addition,  there  are  small 
elongated  globules  of  dove-colored  manganese  sulphide  and 
occasionally  thinner  black  threads  of  slag  or  oxide.  The  struc- 
ture of  both  the  ferrite  and  the  pearlite  differs  in  skelp,  sheet, 
small  and  large  pipe.  In  the  sheet  the  ferrite  is  usually  in 
polygonal  grains  of  small  size,  in  small  pipe  the  grains  are 
somewhat  larger,  but  still  more  or  less  polygonal,  while  in  large 
pipe  this  feature  is  missing  as  a  rule,  and  the  ferrite  grains  are 
more  or  less  mixed  up  with  the  pearlite  scattered  in  and  be- 
tween them.  This  is  owing  to  the  temperature  and  the  time 
given  in  the  heating-furnace  for  welding.  Again,  in  sheet  and 
small  pipe  the  pearlite  often  shows  marked  segregation,  the  fer- 
rite and  the  pearlite  having  coalesced  with  the  main  mass  of  the 
ferrite,  while  the  cementite  forms  small  irregular  patches.  The 
same  is  very  common  in  low-carbon  steel  rounds  of  about  0.1 
per  cent,  of  C.  Light  etching  with  picric  acid  shows  up  the 
pearlite,  while  prolonged  etching  will  show  up  the  grain  of  the 
ferrite  also.  Picric  acid  seems  preferable  to  nitric  or  sulphuric 
acid,  because  it  yields  sharper  boundaries  to  the  ferrite  grains 
and  does  not  eat  into  the  material  around  slag,  MnS,  or  pearlite. 

Macroscopic  etching  is  commonly  used  to  distinguish  be- 
tween steel  and  wrought-iron  pipe.  After  the  section  has  been 
filed  smooth  and  rubbed  down  with  Nos.  0  and  00  emery-paper,  it 
is  deeply  etched  with  nitric,  sulphuric,  or  other  etching-medium. 
The  steel  shows  up  plain,  while  the  wrought-iron  shows  a 
concentric  structure,  due  to  the  inclosed  slag. 

Lap-welds  and  butt-welds  can  usually  be  distinguished  in  the 
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etched  specimen  by  the  eye.  Under  the  microscope  the  lap- 
weld  is  seen  to  form  an  obtuse  angle  with  the  lamination  of 
the  steel  or  wrought-iron  and  can  be  traced  by  entrained  parti- 
cles of  oxide  or  cinder.  The  butt-weld  can  be  traced  much 
more  readily ;  for  at  the  outside  and  the  inside  of  the  pipe 
there  is  usually  a  slight  y-shaped  depression,  the  bottom  filled 
with  oxide,  which  indicates  the  direction  of  the  weld.  In  the 
metal  between  these  two  points  a  few  globules  of  oxide  indi- 
cate the  weld,  which  can  be  recognized  also  (1)  in  steel  because 
the  pearlite  laminations  are  not  continuous;  (2)  in  wrought- 
iron  because  the  slag  globules  and  threads  are  discontinuous 
and  often  bent  over  by  the  force  of  the  weld. 

The  structure  of  ingoMron  consists  of  polygonal  grains  of 
ferrite,  as  in  Fig.  13. 

Mild'SteeL — Steel  with  about  0.1  per  cent,  of  C  is  widely 
used  for  light  shafting,  rods,  bands,  rivets,  spikes,  screws,  and 
machine- work. 

The  analyses  vary,  depending  on  whether  it  is  Bessemer  or 
basic  open-hearth. 

Under  the  microscope  we  find  it  composed  of  ferrite,  with 
about  10  per  cent,  of  pearlite.  The  grain-size  depends  chiefly 
on  the  cross-section,  or,  rather,  on  the  amount  of  reduction  in 
rolling  from  the  last  heating.  As  in  the  case  of  pipe-steel,  so 
here  we  often  find  the  pearlite  segregated  into  little  globules,  or 
flakes  of  cementite.  In  a  longitudinal  section  the  pearlite  gen- 
erally shows  some  lamination,  which  is  also  seen  by  the  way 
the  MnS  (and  slag)  is  elongated.  Fig.  3  is  a  longitudinal  sec- 
tion of  a  2.5-in.  round.  The  small  black  patches  are  pearlite,  the 
long,  thin  streak  across  the  center  is  slag.  Fig.  4  is  a  section 
of  a  3.5-in  round,  and  the  dark  etching  band  across  the  center 
is  a  "  ghost,"  and  owes  its  presence  to  segregation  of  P,  MnS, 
etc.,  which  produces  "  streaky  "  steel.  In  screw-stock  the  MnS 
is  very  marked  in  the  longitudinal  sections. 

3.  Structural  Steel. — As  the  carbon  is  increased  from  0.2  to 
0.3  per  cent,  there  is  a  proportionate  increase  in  the  pearlite, 
which  is  more  commonly  laminated  with  the  ferrite.  Streaks 
of  MnS  and  occasionally  of  slag  are  seen,  usually  imbedded  in 
bands  of  ferrite.  As  before,  the  slag  is  black  and  in  much 
thinner  threads  than  the  MnS,  because  its  freezing-point  is  lower 
and  the  plastic  range  longer,  and  therefore  it  tends  to  become 
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more  strupg  out  in  the  rolling.  The  rule  generally  holds  good 
that  the  thicker  the  section  the  coarser  the  grain,  and  the  less 
pronounced  the  lamination.  Fig.  7  is  a  section  of  a  2-  by  0.25-iD. 
piece,  showing  the  lamination. 

III.  Medium- Carbon  Steel. 

1.  Castings. — With  regard  to  the  structure  of  steel  with  from 
0.3  to  0.4  per  cent,  of  carbon  which  has  been  rolled,  the  above 
remarks  hold  good.  The  structure  of  castings,  however,  is 
quite  different.  When  a  casting  freezes,  dendrites  of  the  solid 
solution  austenite  tend  to  grow  perpendicular  to  the  cooling- 
surface,  and  we  get  the  characteristic  "  pine-tree  "  crystallizar 
tion  on  the  outside.  The  interior  is  made  up  of  more  or  less 
granular  crystals.  On  cooling  down  there  is  no  change  until 
the  temperature  reaches  the  upper  critical  point,  Ar^g,  or  the 
line  GOS  of  the  iron-carbon  diagram,^  Fig.  25,  when  ferrit^ 
commences  to  separate  out  around  and  in  the  grain  of  the  aus- 
tenite, giving  the  characteristic  austenitic  structure  resembling 
the  Widmanstatten  figures  of  meteorites,  or,  if  the  carbon  be 
high,  the  feathery  ferrite.  On  reaching  the  lower  critical 
point,  Ar„  or  PSK  of  the  diagram,  from  700°  to  660°  C.  (de- 
pending  on  the  manganese),  the  remaining  austenite,  which  now 
contains  approximately  0.9  per  cent,  of  carbon,  splits  up  into  the 
eutectoid  pearlite,  the  mechanical  mixture  of  ferrite  and  ce- 
mentite.  The  structure  of  this  pearlite  and  perhaps  its  con- 
tent of  carbon  depend  largely  on  the  rate  at  which  the  steel 
passes  through  this  critical  temperature.  Rapid  cooling  in 
air,  for  instance,  yields  very  fine  pearlite,  while  very  slow  cool- 
ing gives  us  the  coarsely  laminated  variety  whose  pearly  ap- 
pearance is  marked  to  the  naked  eye.  Fig.  9  shows  a  steel 
with  C,  0.35,  and  Mn,  0.66  per  cent.,  as  cast. 

Such  coarsely  crystalline  material  is  brittle,  and  must  be  an- 
nealed, or,  more  properly  speaking,  refined.  This  is  done  by 
reheating  to  above  the  upper  critical  point,  Ac2-«;  that  is,  just 
above  GOS.  On  passing  the  line  PSK,  or  ACj,  the  pearlite 
changes  over  into  austenite,  and  with  increase  in  temperature 
the  solid  solution  austenite  dissolves  more  and  more  of  the 
ferrite  until,  on  the  Ac.2.8  change  being  completed,  we  have 

*  See  Heyn.  Eeport  on  Progreas  of  Metallography,  Proceedings  of  ike  hUema- 
iional  Asaociation  for  Testing  MaiericUsy  vol.  ii.,  No.  11  (1912). 
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Fig.  1. — AVbought-Iron. 
Magnified  50  Diameters. 


Fig.  4. — Low-Carbon  Steel. 
"Ghost."    Magnified 50 Diameters. 
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Fig.  2. — Charcoal-Hearth  Iron. 
Magnified  50  Diameters. 


Fig.  5. — Refined  Steel  Casting. 
Magnified  50  Diameters. 
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Fig.  3. — Low-Carbon  Steel. 
Magnified  50  Diameters. 
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Fig.  6.— MN§^jtiJem^Qif(58®^@> 
Casting.     Magnified  30  Diameters. 
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Fjo.  9. —Steel  as  Cast.     Maokified  50  DiAMtTEKSi-^^^^'^^ 
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Fig.  10.— 3.5-in.  Shaft.     Magnified  50  Diameters. 


Fig.  11.— Rail-Head.     Etched. 
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Fio.  12. — Broken  Shaft.     ** Fatigue.' 
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Fig.  13. — Wrought-Iron.    Magnified  500  Diameters. 


Fig.  14. — Wrought-Ibon  Made  from  Scrap.     Maonifies  70  Diameters. 
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Fig.  15. —2  Per  Cent.  C.     Heated  to  1,070°  C.     Magnified  40  Diametebs. 
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Fig.  16.— 2  Per  Cent.  C.     Heated  to  1,200°  C.     Magnified  40  Diameters. 


Fig.  17.— Graphite  and  Cementite.     Magnified  60  Diameters. 
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Fig.  18.— Tire,  SiiELLiNt;  Out.     Magnified  70  Diameters. 
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Fig.  19.— Slao  m  Kail-Steel.  ^^^^^  ^2,— Au^tenitb  ajjb  Trooptite. 

Magnified  50  DiAMETEna.  Magxified  -3^i  DiAMETE&ri. 


Fio.  2<L— Tire^Steel,  Bubneh. 

MAGmFJEI>   60   DlAMETEKS, 


FiQ.  23,— Tkoostite  akd  Austenitb. 
Maqnified  oO  Diameteh?^. 


Fur.  2L— Cemektite  aku  Pearliti-:,      Fia  24.— Cemektite  ant*  Martessjte. 
Magnified  ^^0  DiAM>rrERs,  .MAfiNJPlE^  '2~fO  DiAMtiKH 
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nothing  but  fine-grained  auetenite.  On  cooling  down  again, 
the  ferrite  separates  out  as  before;  but  now  it  is  confined  to 
very  small  grains  of  austenite,  and  hence  the  resulting  structure 
is  fine.  Fig.  5  shows  the  same  steel  heated  to  850°  C.  and  thus 
refined. 

It  is  not  uncommon  to  find  that  such  a  treatment  has  not 
completely  refined  a  specimen.  The  reason  lies  in  the  pres- 
ence of  globules  and  films  of  MnS  or  oxides,  which  often  assume 
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Fig.  26.— Austenite  Diagram. 


a  dendritic  form,  due  to  their  being  deposited  in  the  dendrites 
of  the  original  casting.  Heating  to  above  Acj^  truly  refines 
this  steel,  but  on  cooling  down  again  the  ferrite  tends  to  pre- 
cipitate on  these  films  and  globules  of  MnS,  and  lines  of  weak- 
ness result.  However,  the  heat-treatment  has  materially  im- 
proved such  material,  as  the  tensile  tests  will  show.  Fig.  6  is 
a  piece  of  steel  with  C,  0.5,  and  Mn,  0.68  per  cent.,  after  refin- 
ing, and  shows  the  dendritic  structure  due  to  manganese  sul- 
phide, etc. 
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2.  Axle-Steei — The  structure  of  axle-steel  is  similar  to  that 
of  structural  steel,  allowing  for  the  increase  in  pearlite  with  in- 
crease in  carbon.  Grain-size  increases  with  section.  A  great 
many  cases  of  failure  have  been  ascribed  to  fatigue  or  recrys- 
tallization  due  to  vibration.  We  see  a  fracture  the  outer  part 
of  which  is  very  fine  and  the  inner  core  comparatively  coarsely 
crystalline,  as  in  Fig.  12.  On  cutting  a  section  from  center  to 
outside,  the  grain-size  is  found  to  be  practically  the  same.  Of 
course,  there  has  been  no  growth  of  grain.  Under  repeated 
strain,  a  tiny  crack  starts  at  the  outside  and  slowly  works  its 
way  round  the  section,  becoming  deeper  and  deeper.  As  it 
progresses,  the  two  faces  pound  on  each  other  and  tend  to  make 
the  surface  smooth.  In  time  the  cross-section  of  the  solid  metal 
becomes  so  small  that  it  can  no  longer  bear  the  strain,  and  rup- 
ture takes  place,  giving  a  normal  crystalline  fracture.  Fig.  8 
is  a  longitudinal  section  of  a  3.5-in.  shafting  which  broke  with 
so-called  recrystallization.  The  structure  is  the  same  from  out- 
side to  center.  Through  the  center  of  the  photograph  is  a  band 
comparatively  rich  in  ferrite,  with  characteristic  elongated  glob- 
ules of  MnS  running  through  it. 

Fig.  10  shows  the  structure  of  a  3.5-in.  shaft  which  also  broke. 
The  carbon-content  is  much  higher,  but  here  again  is  MnS  set 
in  a  strip  of  ferrite. 

Thus  there  are  two  kinds  of  fracture :  the  inside,  or  normal, 
bearing  a  definite  relation  to  the  grain-size,  and  the  outside,  or 
abnormal,  having  no  relation  whatever  to  the  internal  structure 
of  the  piece.  It  is  to  be  noted,  however,  that  such  broken 
material  often  shows  a  coarse  grain,  or  much  segregation  with 
MnS  and  associated  high-phosphide  areas,  or  both ;  and  it  has 
been  proved  that  reheating  to  the  refining-point  and  cooling 
in  air,  or,  better  still,  quenching  and  again  reheating  to  from 
500°  to  600°  C,  gives  material  which  withstands  "fatigue" 
extremely  well. 

Axle-steel  may  therefore  be  divided  into  three  main  groups : 
forged,  "  annealed,"  and  "  tempered." 

The  forged  material  stands  up  well  in  use  if  in  perfect  align- 
ment, that  is  to  say,  if  it  receives  a  minimum  amount  of  vibra- 
tion, or  if  it  is  not  subject  to  **  fatigue."  If  the  axle  or  shaft 
is  not  properly  set,  fatigue  sets  in.  It  is  found  that  the  coarser 
the  grain  the  more  liable  are  slip-lines  to  occur,  and,  therefore, 
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fatigue  comes  sooner,  with  a  tendency  to  the  progressive  frac- 
ture we  have  already  described. 

With  the  "annealed,"  or,  more  correctly  speaking,  refined, 
a  fine  grain  is  less  likely  to  produce  slip-lines,  and  the  material 
is  therefore  less  liable  to  fatigue,  other  things  being  equal. 

The  last  group,  which  has  been  classed  as  <*fibered"  mate- 
rial, especially  in  nickel-steel,  withstands  strain  and  vibration 
best.  If  we  heat  to  the  refining-temperature,  Acj^b?  and  quench, 
we  get  material  made  up  of  extremely  fine  austenite,  etc.  On 
reheating  to  from  500°  to  600°  C.  there  is  a  great  change  within 
this  tiny  grain  itself.  If  we  fracture  a  longitudinal  section  it 
has  a  distinctly  fibrous  appearance.  It  is  much  finer  than  the 
structure  found  in  wrought-iron.  This  fibrous  appearance  is 
due  entirely  to  the  method  in  which  the  individual  grains 
elongate  and  break;  it  is  accentuated  by  traces  of  MnS,  etc., 
which  have  been  elongated  in  the  direction  of  rolling. 

This  material  has  about  the  same  size  of  grain  as  that  which 
has  been  refined,  but  the  interior  of  the  grain  is  quite  different 
in  the  latter.  The  pearlite  is  comparatively  coarse  and,  under 
high  power,  is  distinctly  pearly,  that  is  to  say,  the  ferrite  and 
cementite  can  be  resolved.  The  tempered  material  is  pearlite, 
but  in  a  much  finer  condition.  It  is  almost  sorbitic;  for  it  is 
the  product  of  the  change  from  austenite  through  martenite 
with  troosite  into  sorbite  and  pearlite,  which  takes  place  on 
reheating.  Such  material  has  been  called  "  anti-fatigue;"  and 
nickel-steel,  giving  the  maximum  amount  of  fibrous  structure, 
is  ideal  for  such  material. 

IV.  BailSteel 

With  an  increase  in  carbon  to  from  0.4  to  0.6  per  cent,  there 
is  a  further  increase  in  pearlite.  In  estimating  the  amount  of 
carbon  by  the  microscrope,  both  the  amount  of  manganese  (up 
to  1  per  cent.)  and  the  comparatively  rapid  cooling  in  air  have  to 
be  taken  into  account.  Thus,  a  low-carbon  steel  with  about  10 
per  cent,  of  pearlite  will  contain  about  0.09  per  cent,  of  C,  the  fac- 
tor being  0.9.  With  from  25  to  30  per  cent,  of  pearlite  the  factor 
is  about  0.8  and  there  is,  say,  from  0.20  to  0.25  per  cent,  of  C. 
At  50  per  cent,  of  pearlite,  multiplying  by  0.75  gives  about  0.37 
per  cent,  of  C.  With  75  per  cent,  of  pearlite  and  a  factor  of  0.7 
there  is  about  0.42  per  cent,  of  C ;  while  at  0.6  of  C  there  is 
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only  a  trace  of  ferrite  left.  Of  course,  with  slowly-cooled  mate- 
rial the  factor  remains  about  0.9.  The  grain-size  depends 
mainly  on  the  section,  that  is,  the  amount  of  reduction  in  the 
rolls,  rather  than  the  finishing-temperature. 

In  examining  a  rail-section,  it  will  be  found  that  the  grain- 
size  varies  considerably.  The  center  of  the  head  will  be  com- 
paratively coarse,  the  web  much  finer,  while  the  edge  of  the 
flange  is  comparatively  fine  and  often  shows  marked  lamination 
of  the  ferrite  (Fig.  10).  Macroscopic  etching  of  a  cross-section 
will  show  up  any  segregation  that  may  be  present.  Fig.  11 
shows  a  section  of  a  rail-head  which  failed  in  service.  It  has 
been  etched  with  iodine  solution  and  the  dark  spots  show  segre- 
gation of  C  and  also  of  MnS.  Under  the  microscope,  these 
dark  areas  are  quite  different  from  the  normal  section.  A 
longitudinal  section  shows  this  well :  the  steel  appears  quite 
streaky,  each  streak  running  many  inches,  sometimes  feet. 
MnS  globules  in  elongated  form,  also  occasionally  thin  streaks 
of  slag  or  oxide,  usually  form  the  core  of  such  a  streak. 

The  question  is  frequently  raised,  whether  the  old  rails  were 
not  better  than  those  made  to-day;  whether  our  metallurgical 
progress  has  not  sacrificed  quality  for  tonnage.  Undoubtedly, 
rail-failures  are  far  too  frequent ;  and,  in  looking  for  the  cause, 
a  careful  study  was  made  of  a  number  of  old  rails,  as  well  as 
new,  to  see  if  the  microstructure  would  tell  anything.  The 
grain-size  showed  but  little  difference,  the  size  of  section  having 
apparently  controlled  the  grain.  Macroscopic  etching,  while 
showing  some  of  the  old  rails  to  be  absolutely  free  from  segre- 
gation, detected  extreme  segregation  in  others — quite  as  bad  as 
that  found  in  present-day  rails.  Under  the  microscope,  how- 
ever, there  is  a  marked  difference,  due  to  the  carbon-content; 
in  other  words,  the  old  rails  all  had  a  large  excess  of  ferrite. 
Their  specifications  called  for  from  0.35  to  0.45  per  cent,  of 
C.  This  gave  a  large  excess  of  ferrite,  which  shows  up  dis- 
tinctly laminated  in  longitudinal  sections  (Figs.  8  and  10). 
Locally-segregated  areas,  as  in  Fig.  11,  showed  an  increase  in 
the  amount  of  pearlite,  but  in  the  worst  cases  there  was  still 
a  comparatively  large  excess  of  ferrite,  which  seemed  to  mini- 
mize the  effects  of  MnS,  "  ghosts,"  etc.  The  modern  rails, 
with  carbon  from  0.5  to  0.65  and  even  higher,  showed  the  same 
segregated  areas  as  in  Fig.  11.     Under  the  microscope,  how- 
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€ver,  these  areas  no  longer  show  the  excess  of  ferrite,  and  the 
same  amounts  of  MnS,  oxide  or  slag,  "  ghosts,?  etc.,  are  now  the 
causes  of  extreme  brittleness. 

In  regard  to  piping  and  consequent  segregation,  the  0.35  to 
0.45  per  cent,  carbon  rail  would  show  at  base  of  head  and  top 
of  web  a  maximum  segregation  of,  say,  0.65  per  cent,  of  C.  The 
modern, heavier  rail,  with  from  0.5  to  0.65  per  cent,  of  C  and  more 
than  1  per  cent,  of  Mn,  frequently  shows  segregation  up  to  far 
above  1  per  cent,  of  C,  and  under  the  microscope  are  seen 
envelopes  and  plates  of  cementite,  FCjC,  in  and  around  the 
pearlite  grains,  causing  extreme  hardness  and  brittleness.  Fig. 
16  closely  resembles  such  extreme  segregation,  the  thin  white 
envelopes  and  needles  being  cementite  set  in  a  ground-mass  of 
pearlite.  Split  heads  in  rails  are  mainly  due  to  segregation, 
occurring  in  rails  from  the  top  of  the  ingot  chiefly.  Dudley 
has  pointed  out  the  wedge-action  of  the  hard  spots,  MnS,  slag, 
etc.,  which  finally  causes  the  head  to  split  vertically.  Wick- 
horst  has  pointed  out  the  flow  of  metal  on  the  surface  of  the 
head,  as  shown  in  Fig.  11,  which  soon  tends  to  tear  apart  the 
head,  and  in  segregated  rails  a  vertical  crack  occurs  in  the 
harder  and  more  brittle  interior. 

Surface-cracks,  checks,  and  seams  in  the  head  are  generally 
found  by  the  inspector.  They  are  filled  with  oxide,  from  a 
mere  film  to  a  thick  mass,  and  this  oxide  is  surrounded  by  an 
envelope  of  ferrite,  due  to  decarburization.  A  crack  which  has 
occurred  in  service  may  also  be  filled  with  oxide,  but  in  this 
ijase  signs  of  decarburization  are  missing,  and  there  is  no  rela- 
tion between  the  grains  and  the  fissure  filled  with  oxide,  or, 
rather,  rust. 

Basal  seams  are  not  so  easy  to  see  on  inspection,  but  are 
readily  revealed  by  macroscopic  etching.  Their  chief  position 
is  under  the  web,  and  they  are  found  in  sections  showing  slag 
or  oxide  and  marked  decarburization.  Such  a  seam  is  shown 
in  Fig.  19,  a  section  parallel  to  the  rolling.  The  large  amount 
of  ferrite  shows  abnormal  decarburization.  Now  this  is  the 
point  which  receives  the  most  strain  when  a  rail  is  loose,  and, 
as  a  line  of  weakness,  it  rapidly  starts  to  open  up  and  the  flange 
ultimately  breaks. 

The  best  method  of  examination  for  rails  is  to  etch  a  cross- 
section  macroBCopically  and  then  make  longitudinal  sections 
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through  the  dark  or  segregated  areas.  It  has  been  foand  by 
several  that  MnS,  alone  is  not  nearly  so  indicative  of  brittleness 
as  when  accompanied  by  the  thin  threads  of  slag,  which  gener- 
ally means  the  proximity  of  segregation  and  the  piped  area  of 
the  ingot. 

Tire-SteeL — As  usually  made,  a  steel  tire  shows  a  fairly-coarse 
grain,  approximately  of  the  size  of  those  in  Fig.  22,  with  thin 
envelopes  of  ferrite  round  the  pearlite  in  steel  with  0.6  per  cent, 
of  C ;  while  with  0.75  per  cent,  of  C  and  0.7  per  cent,  of  Mn 
the  ferrite  envelopes  disappear.  Properly-refined  steel  shows  a 
very  fine  grain,  even  smaller  than  that  in  Fig.  21.  A  Krupp 
tire  generally  has  a  grain  of  half  that  size.  Some  of  the  Schoen 
tires  showed  an  extremely  fine  grain  with  a  sorbitic  appearance, 
closely  resembling  material  quenched  from  the  critical  point 
and  reheated  to,  say,  500°  C. 

Two  kinds  of  failures  have  been  examined,  breakage  and 
"shelling  out."  In  the  former,  the  steel  seemed  perfectly 
good,  grain-size  normal,  no  marked  segregation ;  and  therefore 
it  was  concluded  that  here  was  another  case  of  "  fatigue,"  that 
the  steel  had  been  subjected  to  strain  at  this  particular  point 
sufficient  to  produce  progressive  fracture.  As  in  the  case  of 
axles,  so  here  no  trace  of  any  "  recrystallization  "  was  met  with. 

"  Shelling  out "  seems  to  be  caused  in  three  ways :  (1)  sur- 
face-flaws with  oxide,  similar  to  Fig.  19 ;  (2)  a  decarburized 
surface,  which  is  soft  and  soon  flows,  develops  cracks  which  fill 
with  rust  until  pieces  flake  off,  as  shown  in  Fig.  18,  which  is  a 
section  of  a  shelled-out  tire  at  the  surface;  (3)  cracks  filled 
with  oxide  (rust).  The  first  two  occur  in  the  process  of  manu- 
facture ;  the  last  occurs  in  service  with  apparently  good  steel. 
A  section  will  show  a  certain  amount  of  flow  of  metal,  with 
cracks  set  at  a  slight  angle  to  the  surface.  These  are  filled 
with  from  films  to  thick  masses  of  oxide — not  slag — due  to 
rusting.  There  is  no  decarburization  around  them,  as  is  usual  in 
the  case  of  slag.  It  would  seem  that  their  cause  is  similar  to  that 
assigned  by  Wickhorst  to  certain  split-heads  in  rails.  Burning 
of  the  steel  has  often  been  mentioned  as  the  cause  of  this  kind 
of  failure.  A  piece  of  tire  was  burnt  purposely  and  its  struc- 
ture is  shown  in  Fig.  20.  The  thin  white  envelopes  to  the 
grains  are  ferrite,  the  black  masses  are  oxide.  Such  a  struc- 
ture has  not  been  met  with  in  tire  failures,  hence  it  seem  reason- 
able to  assume  that  burning  is  not  the  cause  of  "  shelUng  out." 
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V.  High-Carbon  Steel. 

As  already  remarked,  steel  with  C,  0.55,  and  Mn,  1  per  cent., 
as  rolled,  consists  of  pearlite.  Ac,  2,  s  occurs  at  710°  to  715°  C. ; 
Ari,2.8  at  670°  to  655°  C. 

Similarly,  steel  with  C,  0.9,  and  Mn,  0.2  per  cent,  (crucible) 
is  all  pearlite,  and  Acj^  2, 3  occurs  at  730°  to  735°  C,  and  Arj^  2,  s  at 
710°  to  700°  C.  The  differences  in  temperature  are  evidently  due 
to  the  manganese. 

Slow  cooling  past  Ar^  2,3  produces  well-laminated  pearlite; 
while  rapid  cooling  of  small  sections,  as  in  air,  yields  a  sorbitic 
structure. 

Overheating  occurs  at  a  comparatively  low  temperature.  A 
bar  -j^  in.  sq.,  containing  C,  0.7,  and  Mn,  0.068  per  cent,  was 
overheated  at  800°  C,  while  one  containing  C,  1.04,  and  Mn, 
0.12  per  cent,  was  overheated  at  855°  C. 

At  1  per  cent  of  C,  are  found  traces  of  cementite  as 
thin  envelopes  to  the  grains.  These  envelopes  increase  with 
the  carbon-content  until  at  2  per  cent,  of  C  they  are  ex- 
tremely coarse  Fig.  21  shows  such  cementite  envelopes  in  a 
steel  with  1.72  per  cent  of  C. 

The  boundary-line  between  cast-iron  and  steel  is  unsettled. 
According  to  the  generally-accepted  definition,  steel  can  be 
rolled  out,  but  cast-iron  cannot.  From  the  iron-carbon  diagram, 
the  boundary-line  occurs  at  2  per  cent,  of  C  (or  1.7  per  cent,  accord- 
ing to  Ruff),  where  the  eutectic  of  austenite  and  cementite 
makes  its  appearance.  Now,  an  ingot  with  a  small  amount  of 
eutectic  can  be  rolled  out,  for  this  cementite  is  rolled  out  and 
broken  up  just  as  slag  is  drawn  out  in  cold- worked  wrought- 
iron.  Material  with  as  much  as  2.4  per  cent,  of  C  has  been 
rolled.  Hence,  if  the  presence  of  the  eutectic  denotes  cast-iron, 
cast-irons  very  low  in  carbon  can  be  rolled  and  are  malleable. 

The  heattreatment  of  high-carbon  steels  is  not  simple. 
With  material  of  not  more  than  0.9  per  cent,  of  C,  heating  to  just 
above  the  line  GOS  causes  refining;  above  that  temperature, 
the  higher  the  temperature  of  the  heating,  the  coarser  the 
grain.  In  steels  with  over  0.9  per  cent,  of  C,  the  diagram 
would  seem  to  require  that  they  be  heated  to  just  above  the  line 
Sa  to  dissolve  the  cementite  envelopes  in  the  austenite,  and  there- 
fore to  refine.  In  practice,  heating  to  just  above  the  line  PSK 
refines  the  steel  (at  all  events,  in  small  sections),  because,  on 
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heating,  the  ceraentite  tends  to  draw  itself  up  into  globules 
and  refines  itself. 

With  high  carbon  (1.6  per  cent,  and  over),  heating  to  higher 
temperatures,  especially  in  small  sections  or  cold-rolled  mate- 
rial, causes  the  cementite  to  break  up,  and  graphite  is  precipi- 
tated. Still  higher  temperatures  cause  all  of  the  carbon  to  be 
taken  into  solution,  and  on  cooling  we  have  a  very  coarse 
grain  with  cementite  envelopes  and  plates.  Fig.  15  shows  the 
corner  of  a  small  bar  heated  to  1,070°  C.  and  slowly  cooled. 
The  carbon  was  2  per  cent.  The  outside  is  decarburized,  and 
at  the  extreme  corner  we  have  a  little  ferrite,  due  to  this  cause. 
The  interior,  shown  on  the  right,  consists  of  globular  cementite 
set  in  pearlite.  Fig.  16  shows  the  same  steel  heated  to  1,200° 
C.  and  slowly  cooled.  The  ferrite  is  more  pronounced  than 
before,  while  the  cementite  now  appears  as  envelopes  around 
and  in  very  coarse  grains  of  pearlite.  In  the  interior,  much 
graphite  has  precipitated;  and  Fig.  17  shows  the  junction  be- 
tween the  two  areas :  that  on  the  right  presenting  cementite ; 
that  on  the  left,  graphite.  Fig.  21  shows  a  steel  ^V  in.  square, 
with  1.6  per  cent,  of  C,  heated  to  1,200°  C.  and  slowly  cooled. 
Coarse  envelopes  of  cementite  surround  the  pearlite  grains  and 
the  whole  is  very  brittle. 

Hardening  is  heating  to  above  the  line  SK  and  suddenly 
cooling,  as  by  quenching.  The  higher  the  temperature  above 
SK  the  coarser  the  grain,  and  therefore  the  more  brittle  the 
material.  Theoretically,  if  cooled  quickly  enough  it  should  pre- 
vent any  change  in  the  solid  solution  austenite.  Practically,  this 
is  impossible,  and  quenched  material  always  shows  more  or  less 
decomposition.  Now  this  decomposition  takes  place  in  two 
ways.  The  outside  of  the  grain  of  austenite  may  decompose 
into  a  dark-etching  constituent,  troostite ;  the  nearer  the  outside 
of  the  bar,  the  less  troostite.  Fig.  22  shows  a  steel  with  1.7  per 
cent,  of  C  heated  to  white  heat  and  quenched  in  water.  The 
section  is  near  the  outside,  and  only  a  small  amount  of  troos- 
tite appears.  Fig.  23  shows  a  steel  with  1.01  per  cent,  of  C 
quenched  from  a  yellow  heat,  section  near  the  center  of  a  bar 
J  in.  square.  The  amount  of  troostite  is  now  very  great;  only 
a  small  amount  of  austenite  remains.  The  quenching-tempera- 
ture  being  lower,  the  grain  is  proportionately  smaller.  The 
second  method  of  decomposition  occurs  within  the  grain  itself. 
Curious  chevrons  and  laths  appear,  with  some  sem^lanca  of 
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octahedral  symmetry.  This  structure  is  called  martensite. 
Fig.  24  shows  it  in  a  steel  with  2  per  cent,  of  C,  ^  iu.  square, 
quenched  from  1,100°  C.  The  thin  white  envelope  to  the  very 
coarse  grain  is  cementite.  Between  typical  austenite  with 
troostite,  and  martensite  there  is  a  whole  range,  depending  on 
temperature  of  quenching,  rate  of  quenching,  and  size  of  the 
section  quenched.  The  grain-size  depends  on  the  quenching- 
temperature. 

Tempering  is  reheating  to  from  200°  to  300°  C.  to  cause  a 
further  decomposition  of  the  austenite,  whereby  brittleness  is 
fiomewhat  overcome,  Tvdth  some  loss  of  hardness.  Tempering 
does  not  alter  the  grain-size,  but  alters  the  structure  of  the 
grain.  The  martensitic  structure  becomes  more  and  more  pro- 
nounced and  in  time  the  ground-mass  has  changed  from  aus- 
tenite into  troostite  and  sorbite,  and  finally  sorbite  and  pearl- 
ite  are  obtained,  and  then  pearlite  alone  when  the  material  has 
become  completely  softened.  In  order  to  follow  the  progress 
of  tempering  a  small  bar  may  be  quenched  at  a  bright  yellow 
heat  to  get  a  coarse  grain.  One  end  is  then  heatied  to  a  dull 
red  and  the  other  end  kept  cold.  On  polishing  this  section  the 
various  changes  can  be  traced  from  one  end  to  the  other.  The 
maximum  etching  effect  occurs  at  the  part  heated  to  about 
400°  C.  According. to  Heyn,  this  osmonditic  state  should  di- 
vide the  stages  troostite  and  sorbite,  and  coincides  with  the 
change  in  a  number  of  properties. 

VI.  Cementation  and  Case-Hardening. 
Under  the  microscope  the  process  of  case-hardening  can  be 
readily  followed.  It  is  best  to  examine  the  specimens  without 
quenching,  for  cutting  the  specimen  is  much  easier  and  the 
changes  in  structure  are  more  easily  recognized.  On  the  out- 
side is  cementite  plus  pearlite,  or  pearlite  alone ;  next  f errite 
makes  its  appearance  in  the  pearlite,  which  gradually  decreases 
in  amount  until  finally  the  central  zone  is  reached,  where  there 
is  only  the  amount  of  pearlite  in  the  original.  Fig.  15  is  the 
reverse  of  a  case-hardened  specimen,  the  position  of  the  f errite 
And  cementite  being  reversed.  If  the  material  has  been 
quenched  it  can  be  let  down  by  heating  to,  say,  400°  C.  and 
-cooling  in  air,  when  it  may  readily  be  cut  with  the  saw.  This 
will  not  affect  the  grain-size,  and  the  core  can  thus  be  ex- 
amined. A  comparison  between  fracture  and  microstructure 
:should  always  be  made.  Digitized  by  GoOqIc 
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VII.  AUoy-Steels. 

The  structure  of  alloy-steels  forms  a  subject  by  itself.  Alloy- 
steels  have  been  classified  into  three  groups,  according  to  the 
predominant  constituent :  ( 1 )  pearlitic,  (  2  )  martensitic,  and 
(8)  austenitic.     This,  of  course,  refers  to  air-cooled  specimens. 

As  an  example  of  the  first  class  is  3.5-per  cent,  nickel-steel, 
which  closely  resembles  plain  carbon-steel  in  structure.  The 
grain-size  is  usually  finer,  and  when  quenched  the  martensite 
is  very  much  stronger.  Other  alloy-steels,  such  as  chrome-, 
nickel-chrome,  chrome-vanadium,  nickel  -  chrome  -  vanadium, 
silico-maganese,  etc.,  all  show  pearlite.  When  quenched  and 
tempered,  however,  there  are  profound  differences  both  in 
properties  and  structure,  martensite  being  predominant. 

Manganese-steel,  slowly  cooled,  shows  a  typical  martensitic 
structure  (Fig.  24),  with  more  or  less  carbide  around  and  be- 
tween the  grains.  Quenching  from  1,050°  C.  produces  plain 
austenite,  in  polygonal  grains.   (See  Fig.  13.) 

Air-hardening  and  high-speed  steels  are  martensitic,  but  the 
structure  is  by  no  means  typical  martensite.  Small  white 
grains  of  carbide  are  generally  found  in  a  complex  ground- 
mass,  which  at  times  resembles  austenite,  at  others,  martensite. 
The  difference  between  properly  hardened  and  improperly 
hardened  steel  can  be  recognized  readily  by  those  who  have 
studied  these  steels  with  some  care. 

In  conclusion,  the  correct  application  of  metallography  in 
practice  ought  to  be  emphasized.  It  does  not  compete  with 
chemical  analysis  or  physical  testing;  it  supplements  them.  It 
tells  about  grain-size,  segregation,  inclusion  of  impurities,  etc., 
and  so  is  an  excellent  method  for  contrasting  material  and  also 
for  tracing  the  cause  of  failures.  Some  of  its  problems  are  of 
easy  solution,  as,  for  example,  the  distinction  between  properly 
and  improperly  refined  castings,  between  wrought-iron  and 
low-carbon  steel,  good  and  bad  rail-steel,  etc.  Others,  such  as 
the  study  of  hardened  alloy-steels,  especially  high-speed  steels, 
are  diflScult  in  the  extreme,  and  require  so  much  patience  and 
skill  that  many  of  the  w^orkers  along  these  lines  have  given  up 
the  pursuit  after  realizing  its  difliculties.  As  in  all  scientific 
work,  however,  application  is  rewarded  sooner  or  later,  and 
such  subjects  as  the  failure  of  steel  wire  in  rope,  at  present  un- 
solved, may  in  time  be  unraveled  by  metallographic  methods. 

[24] 
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Notes  on  the  Metallography  of  Alloys. 

BY  WILLIAM  CAMPBELL,   PH.D.,  8C.D.,*  NEW  YORK,    N.   Y. 

(ClevjBland  Meeting,  October,  1912.) 

[Secretary's  Note. — To  avoid  repetitions  of  foot-notes,  references  to  authori- 
ties are  made  in  the  paper  hy  means  of  figures,  referring  to  a  numbered  list  in  the 
appendix. — J.  S.] 

I.  Introduction. 

In  the  olden  days  the  making  of  alloys  was  an  art,  and  the 
secrets  of  the  craft  were  jealously  guarded.  To-day  it  has  be- 
come a  science,  though  the  old  ideas  in  regard  to  the  secrets 
and  formulte  are  dying  hard. 

Modern  progress  may  be  attributed  to  scientific  research 
and  testing  of  materials,  and  the  substitution  of  chemical  ana- 
lytical control  for  **  cook-book  "  methods.  We  know  to-day  a 
great  deal  about  the  constitution  of  alloys,  the  reasons  of  the 
change  in  structure  and  physical  properties  by  heat  and  me- 
chanical treatment ;  and  this  new  knowledge  is  due  for  the 
most  part  to  the  physical  chemist  and  metallographist,  who  have 
shown  us  that  alloys  are  simply  solutions,  and  as  such  obey 
definite  laws.  The  application  of  the  theories  of  solutions  and 
of  the  phase  rule  tells  us  what  ought  to  happen  when  our  alloys 
are  in  a  state  of  equilibrium.  The  working-out  of  the  tem- 
perature-composition diagram  (thermal  diagram)  for  numerous 
alloys  has  thrown  a  light  on  the  structure  and  constitution 
which  has  dispelled  most  of  the  darkness  in  which  we  labored 
before  the  advent  of  metallography. 

The  work  began  with  the  determination  of  the  freezing-point 
curves,  and  here  the  research  of  Le  Chatelier,^  Gautier,* 
Roberts- Austen,*  and  the  other  pioneers  broke  the  ground. 
Next  the  physical  chemists,  Tammaun,*  Rooseboom,*  Ban- 
croft,* and  their  colleagues,  showed  us  the  complete  thermal 
diagram  and  its  meaning.  Then  the  researches  of  Heycock 
and  Neville  ^  on  the  Cu-Sn  series  and  of  Shepherd  ^  on  the 

*  Associate  Professor  of  Metallurgy,  Columbia  University  in  the  City  of  New 
York. 
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Cu-Zn  demonstrated  the  application  to  the  most  complex  of 
alloys. 

*  A  vast  amount  of  work  has  been  published  on  the  constitu- 
tion of  alloys,  as  will  be  seen  from  a  glance  at  the  pages  of  the 
Zeitschrift  fur  anorganische  Chemie,  Zeitschrift  fiir  physikalisht 
Chemiey  Metallurgies  and  Bevue  de  Miiallargie,  The  diagrams 
have  been  collected  notably  by  Portevin  ^  in  Revue  de  Mitallurgie, 
Bornemann  ^^  in  Metallurgie,  and  lastly  in  Guertler's  Text  Book 
of  Metallography s  now  nearing  completion. 

The  ternary  diagram  in  the  simplest  case  was  worked  out 
by  Charpy  *^  for  the  Pb-Sn-Bi  series.  More  complicated  cases 
have  been  given  by  Geer  "  and  by  Sahmen  and  Vegesack.*^ 

The  importance  of  bearing-metals  in  engineering  makes  no 
excuse  necessary  for  a  discussion  of  their  constitution,  and  the 
following  notes  on  the  three  groups  of  white  metals  (1)  Pb- 
Sb-Sn,  (2)  Sn-Sb-Cu,  (3)  Zn  base,  and  a  comparison  with  the 
structure  of  the  bronzes,  may  throw  some  light  on  the  subject 

II.  The  Lead-Tin-Antimony  Series. 

The  ternary  alloys  of  Pb-Sn-Sb  find  considerable  appli- 
cation in  the  arts  as  bearing-metal,  type-metal,  white  metal  for 
small  castings,  etc. 

In  regard  to  the  composition  of  alloys  used  in  practice,  the 
list  given  in  Table  I.  embraces  the  most  important.  A  few 
alloys  containing  a  small  amount  of  copper  are  also  given  for 
comparison.  The  list  shows  that  Sb  never  exceeds  25  per  cent. 
Pb  varies  from  93  to  5  per  cent,  and  Sn  from  1  to  75  per  cent 
There  is  no  uniform  variation,  however. 

The  physical  properties  of  this  series  of  alloys  are  not  very 
well  known,  at  least  they  have  not  been  published  in  detail, 
and  while  the  anti-frictional  qualities  within  certain  limits  of 
use  do  not  show  the  wide  differences  one  would  expect  from 
the  variation  in  composition,  there  is  probably  a  fairly  marked 
difference  in  crushing-strength  as  we  pass  from  the  lead-rich 
to  the  tin-rich  side,  judging  from  the  structure.  Charpy,  in  a 
study  of  white  alloys  called  anti-friction,"  examined  some  alloys 
of  the  Pb-Sn-Sb  group  in  regard  to  crushing-strength  and 
microstructure. 

Before  taking  up  the  ternary  alloys  a  few  notes  on  the 
binary  alloys  will  be  given. 
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Table  I. — Composition  of  Pb-Sn-Sb  Alloys. 


1. 

2. 
3. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

ao. 

31. 
32. 
33. 
34. 
35. 
86. 
37. 


40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 


Authority. 


2 

'3.2 

10 


Electrotype-metal. , 

Bearing-metal 

Linotype-metal 

Bearing 

Stereotype-metal |82 

Bearing '82 

Stereotype |82 

Bearing 180 

Bearing— Compagnie  de  TEst. i80 

Bearing 80 

Bearing— like  "Glyco/'etc 180.5   4.5 

Bearing— like  "Magnolia" 178    16    I 

Bearing— Magnolia  and  Tandem 177.7  5.9' 

Type  metal 77.5!  6.5i 

Bearing— .Antifriction 77     10 

Bearing— like  "  Coleco  •• |77      8 

Bearing 176    j  7 

Metallic  packing— Compagnie  d'Orleans...  176    114    I 

Bearing— American  R.  R 173.5,  8 

Piston  Packing— Compagnie  du  Nord 73    il2 

Bearing— French  R.  R |70     20 

Stereotype— Mackenzie  metal |70 

Bearing— Parl8-Lyon-Mediterran6e  R.  R...  70 

Type |70 

Bearing— American  R.  R 68 

Bearing— Graphite-metal '68 

Stereotype 68 

I  Type |63.212 

Bearing 62.5  26.2 

Bearing 62     27 

I  Type 60.5  14. 5| 

I  Type 60     35 

Bearing I60     20 

Type— common |60     10    ; 

Solder 160    ,39    I 

1  Type 55.5  40    i 

I  Type— best 150     25 

Bearing |48 

Bearing— American  R.  R.,  "  No.  2" ;46 

Hoyle's  Metal 42 

Bearing.  Chemin  de  fer  de  I'Est  Francal8..|42 

Bearing 40 

Bearing— German 40 

I  Bearing— Italian  R.  R 37 

Stereotype 35 

Whlte-metal '33 

Bearing llO 

Bearing ilO 

For  small  castings |  5 


As,  0.5 


Cu,  0.5 
Cu.l.O 


,13 

10 
'lO 
21 
,15 

in 


Cu,2 


,40 

136.5 

46 

42 

|45 

42 


12 

8.3 
12 
16 

14.81 
10 

8  ' 
15 

14.5 
16 

16.8 
16 

12.5 
14 
17 

10  I 
18.5 
15 

10  i 
17  I 
20 
18 
11 
17 
18 
24 
10 
10 
24.2 

5 

20  I 
30    I 

1  I 
I  4.5' 
125 

10  ; 

16.5 
12  . 
16  i 
15  I 
26  ' 
25     I 

5    I I 

10.6  Cu,  2.4 

15    I 

12    I  Cu,  3 

20    ' I 

I  I 


Cu,  0.81 
Cu,  1.3] 


Cu,  0.75, 


Cn,2 
Cu,l 


Cu,2 


Private  notes. 

Private  notes. 

Private  notes. 

Private  notes. 

Private  notes. 

Private  notes. 

Roberts-Austen. 

Private  notes. 

Cbarpy.    Guillet. 

Guillemln.    Guillet 

Notes. 

Notes. 

Law.    Thurston. 

Notes. 


Notes. 

Guillet. 

Notes. 

Guillet. 

Charpy. 

Thurston. 

Guillet. 

Roberts-Austen. 

Notes. 

Dudley.    Guillet. 

Thurston. 

Notes. 

Notes. 

Notes. 

Notes. 

Notes. 

Brannt. 

Law. 

Notes. 

Notes. 

Law. 

Notes. 

Notes. 

Hioms.    Guillet. 

Guillet. 

Ledebur.    Guillet. 

Thurston.    Guillet. 

Berthier.    Thurston. 

Znl.  Roberts-Austen. 

Notes. 

Notes. 

Notes. 


1.  Lead' Antimony, 

Sb  freezes  at  631°  C,  Pb  at  327°  C.  The  addition  of  Pb 
to  8b,  or  of  8b  to  Pb,  lowers  the  freezing-point.  The  freezing- 
point  diagram  showing  the  relation  of  percentage-composition 
to  temperature  of  freezing  was  worked  out  bj  Koland-Gosse- 
lin,**  who  found  that  the  eutectic  or  alloy  with  the  lowest 
freezing-point  contained  8b,  13  per  cent.,  and  froze  at  228°  C. 

8tead,^^  in  a  paper  on  the  microchemical  examination  of 
Pb-8b  alloys,  showed  that  the  eutectic  contained  8b,  12.8  per 
cent,  and  froze  at  247°  C.  Qontermann"  gave  13  per  cent, 
and  245°  C. 
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The  freezing-point  or  thermal  diagram  is  shown  in  Fig.  1. 
Temperatures  are  represented  in  the  vertical  scale  and  percent- 
age-composition in  the  horizontal.  Ay  or  631®  C,  shows  the 
freezing-point  of  Sb,  which  is  lowered  along  the  curve  Ar  as 
the  proportion  of  lead  in  the  alloy  increases.  Similarly,  B^  or 
827  C,  is  the  freezing-point  of  Pb,  which  is  depressed  along 
the  curve  Br  as  the  antimony  in  the  alloy  increases.  These 
two  curves,  indicating  the  freezing  out  of  Sb  and  Pb  respect- 
ively, intersect  at  the  point  r,  or  Sb,  13  per  cent.,  at  247°  C, 
the  eutectic  alloy,  which  is  composed  of  a  mechanical  mixture 
of  Pb  and  Sb  due  to  their  simultaneous  freezing. 

Thus  alloys  containing  Sb  from  100  to  13  per  cent,  are  com- 
posed of  crystals  of  Sb  in  an  increasing  amount  of  the  eutectic 
or  ground-mass,  a  type  of  structure  which  is  shown  in  Figs.  6 


Fig.  1. — The  Lead- Antimony  Diagram. 

and  8.  At  Sb,  13  per  cent,  the  alloy  is  all  eutectic  and  may  be 
represented  by  Fig.  7.  Alloys  of  Sb  from  0  to  13  per  cent,  are 
composed  of  crystals  of  Pb  in  dendritic  form  set  in  an  increas- 
ing amount  of  the  eutectic.     Fig.  9  represents  this  type. 

In  short,  above  the  curve  ArB  the  alloys  are  completely  liquid, 
below  the  horizontal  line  at  247°  C.  everything  is  solid.  In 
the  left  triangle,  Ar — 247°  C,  are  crystals  of  Sb  in  a  liquid  al- 
loy ;  in  the  right  triangle  crystals  of  Pb  in  a  liquid. 

The  Pb-Sb  alloys  are  used  as  bearing-metal,  type-metal, 
hard  lead,  etc. 

2.  Lead-Tin. 

The  curve  for  Pb-Sn  is  similar  to  that  of  Pb-Sb.  As 
determined  by  Kupffer^®  the  eutectic  contains  Pb,  87  per 
cent,  and  freezes  at  182°  C.  Charpy"  gives  Pb,  38  per 
cent,  and  Sn,  62  per  cent  Roberts-Austen  **  gave  the  point 
at  Sn,  68  per  cent,  and  180°  C,  and  published  curves  showing 
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tensile  strength  and  extensibility.  Tucker  and  Rosenhain  ^ 
found  the  exact  point  to  be  Sn,  63  per  cent,  freezing  at  182.5^  C. 

Thus  alloys  with  Sn  less  than  63  per  cent,  are  composed  of 
crystals  of  Pb  set  in  the  eutectic  \  those  with  Sn  more  than  63 
per  cent,  are  composed  of  crystals  of  Sn  set  in  the  eutectic,  Fig. 
11.  Solid  Pb  holds  some  Sn  in  solution,  the  amount  varying 
with  the  rate  of  freezing.  Rosenhain  and  Tucker  were  able 
to  get  16  per  cent,  in  solution  by  long  annealing.  As  ordinar- 
ily made,  however,  the  amount  is  very  much  less.  Changes  in 
the  solid  also  occur. 

The  Pb-Sn  alloys  are  used  as  solders,  pewter,  in  the  man- 
ufacture of  toys,  etc. 

3.   Tin-Antimony. 

From  a  microscopic  study  of  Sn-Sb  alloys  Charpy  *^  found 
a  definite  compound  containing  Sb,  about  50  per  cent.,  which 
"  formed  isomorphous  mixtures  with  Sb."  He  found  (incor- 
rectly) a  eutectic  at  about  10  per  cent,  of  antimony. 


68.  50.  10.8 

Fig.  2. — ^The  Tin-Antimony  Diagram. 

Stead  ^  showed  that  with  Sb  up  to  7.5  per  cent,  the  alloys 
consist  of  a  solid  solution ;  above  this  point  cubes  of  a  com- 
pound Sb-Sn  separate  out  when  the  alloy  freezes.  At  the  Sb 
end  of  the  series  crystals  of  Sb  are  the  first  to  form. 

The  constitution  of  these  alloys  was  not  understood  till  Rein- 
ders**  published  his  thermal  diagram.  Later  Gallagher  ** 
modified  the  curve  and  showed  a  thermal  transformation  in  the 
cubes  (Sb-Sn  of  Stead)  at  about  315^  C. 

Williams**  gave  a  simpler  curve  and  omitted  the  trians- 
formation  at  315°  C.  The  main  points  of  these  three  curves 
are  the  same,  however,  and  Fig.  2  is.  taken  from  them,  some- 
what simplified,  to  explain  the  main  changes. 

The  addition  of  Sn  to  Sb  lowers  the  freezing-point  pro- 
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gressively.  The  curve  shows  two  inflections,  at  /  and  rf,  with 
two  horizontals,  fgh  and  deg^  There  is  no  true  eutectic,  as  pure 
Sn  freezes  lower  than  any  of  the  alloys  of  the  series.  Such  a 
curve  shows  that  above  AfdC  all  is  liquid :  below  Ahgg^eC 
all  is  solid.  Between  these  two  curves  we  have  a  mixture  of 
solid  and  liquid.  It  also  shows  that  at  422°  C.  the  alloys  with 
8b  from  90  to  50  per  cent,  show  a  reaction  whereby  the  solid 
corresponding  to  h  reacts  with  the  liquid  corresponding  to  / 
to  form  solid  g,  Now  h  is  Sb  containing  Sn,  10  per  cent,  in 
solid  solution,  Sb^  for  short;  g  corresponds  to  SbSn.  The  liq- 
uid/contains about  50  per  cent.  Similarly,  at  244®  C.  we  have 
the  reaction  of  g^  or  Sb-Sn,  with  the  liquid  d  (8  Sb)  to  form  the 
solid  e  containing  Sb,  10  per  cent,  (a  solid  solution  of  tin  with 
Sb,  10  per  cent,  or  Sn  a  for  short).  Then  with  Sb  from  100  to 
90  per  cent,  we  have  Sb/3.  From  90  to  52  per  cent,  we  have  Sb/3 
surrounded  by  a  ground-mass  of  Sb-Sn.  From  52  to  10  per 
cent  we  have  Sb-Sn  in  a  ground-mass  of  Sn  a.  Fig.  10,  while 
from  10  to  0  per  cent,  we  have  Sn  a,  which  is  Sn  containing  Sb 
in  solid  solution.^ 

For  the  sake  of  simplicity  the  change  in  the  Sb-Sn  at  315° 
C.  has  been  omitted,  also  the  fact  that  Sb-Sn  probably  is  capable 
of  holding  Sn  (some  2  per  cent)  in  solid  solution.  In  addition, 
while  Sb  dissolves  Sn  up  to  10  per  cent  at  422°  C,  the  amount 
at  ordinary  temperature  is  much  less. 

The  Sn-Sb  alloys  have  been  used  as  the  basis  of  Britannia 
metal,  for  anti-friction  alloys,  for  processes  of  engraving,  etc. 

4.   Ternary  Alloys  of  Lead,,  Antimony^  and  Tin. 

The  ternary  diagram  has  been  worked  out  by  R.  Loebe*^ 
and  by  Campbell  and  Elder.^s.  29 

The  simplest  method  of  representing  a  series  of  ternary  alloys 
is  by  means  of  an  equilateral  triangle.  In  Fig.  3  the  corners 
of  the  triangle  represent  the  pure  metals  -4,  5,  and  C.  The 
binary  alloys  of  A  and  B  are  situated  in  the  line  AB^  which  is 
a  projection  of  Fig.  1.  Similarly,  the  binary  alloys  of  B  and 
Care  represented  by  the  line  BC^  and  the  alloys  of  A  and  C 
by  the  line  J.  (7,  which  is  a  projection  of  Fig.  2.  An  alloy  of 
all  three  metals  is  represented  by  a  point  within  the  triangle, 
for  the  sum  of  the  perpendicular  distance  from  any  point  within 
the  triangle  to  the  three  sides  is  constant  and  is  taken  as  equal 

[6] 
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to  100.  Take  the  alloy  represented  by  0  in  Fig.  3 :  the  per- 
centage of  A  is  given  by  the  perpendicular  from  0  to  BC^  the 
percentage  of  C  by  the  perpendicular  from  0  to  ABj  while  the 
percentage  of  B  is  given  by  the  perpendicular  from  0  to  AC. 
Hence,  if  we  wish  to  indicate  temperature,  the  scale  must  be 
perpendicular  to  the  plane  of  the  triangle;  in  other  words,  we 
must  construct  a  solid  figure. 

The  simplest  case  is  where  each  pair  of  metals  has  a  curve 
similar  to  Fig.  1.  That  is  to  say,  the  pairs  are  completely  solu- 
ble in  the  liquid  state  and  insoluble  in  the  solid.  Charpy  "  has 
worked  out  the  Pb-Sn-Bi  diagram  and  Stoffel  those  for  Pb-Sn-Cd 
and  Bi-Sn-Cd. 


^Pb    10       20       30       40       50       60  a     70       80       90     Sn 

Fig.  3.— The  Lead-Tin-Antimony  Diaqbau. 

More  complicated  cases  have  been  worked  out  by  Geer  ^*  and 
by  Sahmen  and  Vegesack,^'  giving  the  theory.  The  latter 
show  the  case  where  the  pairs  AB  and  BCiorm  eutectics  and 
have  curves  represented  by  Fig.  1,  while  the  pair  ^C  shows  no 
eutectic,  but  a  reaction  between  the  solid  h  and  the  liquid  /to 
form  the  solid  g  (Fig.  2).  Then  at  0  (in  Fig.  3)  there  is  a  sim- 
ilar reaction  whereby  solid  A'  and  liquid  0  react,  with  the 
formation  of  solid  g'  and  B. 

In  the  case  of  Pb,  Sn,  and  Sb,  there  are  two  pairs  represented 
by  Fig.  1,  and  the  third  by  Fig.  2,  where  there  are  two  reac- 
tions. Fig.  3  gives  such  a  ternary  diagram,  and  the  following 
is  a  brief  description  of  the  changes  that  take  place  when  an 
alloy  solidifies  :    A  represents  Sb,  B  is  Pb,  and  C  is  Sn.    Then 
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r  18  the  eutectic  of  Pb  and  Sb,  with  Sb,  18  per  cent.,  freezing  at 
247°  C.  Again,  q  is  the  lead-tin  eutectic  at  63  per  cent  of  tin, 
freezing  at  182°  C.  On  the  side  AC  the  point  g  represents 
Sb-Sn,/  the  reaction-point  at  422°  (/  in  Fig.  2),  d  the  reaction- 
point  at  244°  (d  in  Fig.  2),  and  e  is  Sb,  10  per  cent.,  or  saturated 
Sn  a. 

In  the  area  ArOf  the  first  solid  to  form  is  Sb  (with  a  little 
Sn  in  solid  solution).  In  the  area  BrOPq,  the  Pb  crystallizes 
out  first.  In  fOPd,  Sb-Sn  forms  first ;  while  in  CdPq^  the  Sn 
crystallizes  out  first,  with  more  or  less  Sb  in  solid  solution 
(Sn  a). 

Assuming,  for  the  sake  of  simplicity,  that  pure  Sb  crystallizes 
out,  in  the  triangle  AOr  an  alloy  will  deposit  crystals  of  Sb  on 
freezing  until  the  composition  of  the  liquid  reaches  a  point  on 
the  line  rO.  Then  we  shall  have  Pb  and  Sb  freezing  out  side 
by  side,  and  the  liquid  composition  sliding  down  the  line  rO 
till  it  reaches  the  reaction-point,  0.  At  this  point  occurs  the 
reaction,  Sb  crystals  +  liquid  0  forming  Sb-Sn  +  Pb.  If  the 
liquid  is  used  up  before  the  Sb,  the  alloy  goes  solid  at  0.  If 
not,  when  the  Sb  has  disappeared,  the  liquid  follows  the  line 
OF^  and  the  Sb-Sn  and  Pb  separate  out  side  by  side  till  the  alloy 
finally  is  all  solid. 

In  the  area  BOtj  the  first  to  freeze  are  crystals  of  Pb,  and 
the  liquid  reaches  the  line  rO,  the  further  changes  being  as 
above. 

In  the  area  A  Of^  the  Sb  crystals  freeze  out,  and  the  liquid 
reaches  the  line  /O,  and  follows  down  it  towards  0.  Thie 
change  in  composition  of  the  liquid  is  brought  about  through  a 
reaction  between  the  solid  Sb  and  the  liquid  to  form  Sb-Sn. 
On  reaching  0,  as  before,  we  havQ  the  reaction  above  men- 
tioned, but  if  the  Sb  is  all  gone  before  the  liquid  reaches  0, 
further  solidification  occurs  as  in  the  next  case. 

In  the  area /PO,  the  Sb-Sn  crystallizes,  and  the  liquid  reaches 
the  line  OP  and  follows  it,  due  to  the  simultaneous  freezing  of 
Sb-Sn  and  Pb.  On  reaching  the  point  P,  we  have  another 
reaction,  similar  to  the  one  at  0.  Here  Sb-Sn  -f  liquid  P  react 
to  form  solid  Sn  a  +  Pb.  As  before,  if  all  of  the  Sb-Sn  is  used 
up  before  the  liquid  P,  further  freezing  follows  the  line  P?, 
and  the  alloy  finally  becomes  solid. 
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In  the  area  BOP^  the  Pb  freezes  out  first,  and  the  liquid,  on 
reaching  line  OP^  follows  it,  as  above. 

In  the  area  BPq^  the  Pb  crystallizes  out  first,  and  on  the 
liquid  reaching  the  line  Pg,  the  Pb  and  Sn  (Sn  a)  freeze  out 
side  by  side  till  q  is  reached,  the  binary  eutectic  of  Pb  and  Sn, 
also  the  eutectic  of  the  system. 

In  the  area/Prf  crystals  of  Sb-Sn  are  the  first  to  form.  When 
the  liquid  reaches  the  line  dP  this  stops  and  we  get  the  reac- 
tion Sb-Sn  +  liquid  =  Sn  a,  which  continues  as  the  liquid  fol- 
lows the  curve  dP  to  P.  If  the  liquid  uses  up  all  of  the  Sb-Sn 
before  P  is  reached,  further  freezing  takes  place  as  in  the  next 
case.  If  not,  then  at  P  occurs  the  reaction  Sb-Sn  -h  liquid  P=: 
Sn  a  -t-  Pb  and  the  alloy  finally  Becomes  solid. 

In  the  area  CdPq^  the  tin  solid  solution  (Sn  a)  first  freezes 
out  and  then  the  liquid  reaches  the  line  Pq  as  before. 

In  short,  the  line  rO^  the  boundary  between  the  Sb  area  and 
the  Pb  area,  represents  the  simultaneous  freezing  of  Pb  and  Sb. 
The  line  OP  is  the  boundary  between  the  Pb  and  the  Sb-Sn 
areas  and  represents  the  simultaneous  freezing  of  Pb  and  Sb-Sn ; 
while  Pq  is  the  boundary  between  Pb  and  Sn  a  and  represents 
the  simultaneous  freezing  of  these  two.  All  of  these  give  struc- 
tures resembling  that  of  a  true  eutectic. 

On  the  other  hand,  the  boundary-line /O  represents  the  reac- 
tion whereby  Sb-Sn  forms  at  the  expense  of  the  Sb  and  dP  rep- 
resents the  reaction  whereby  Sn  a  forms  at  the  expense  of 
Sb-Sn.    These  two  points  are : 

(1)  0  at,  Pb,  80;  Sn,  10 ;  Sb,  10  per  cent.,  at  245°  C. 

(2)  P  at,  Pb,  40 ;  Sn,  57.5 ;  Sb,  2.5  per  cent.,  at  189°  C. 

5.  Microstruciure. 
In  the  preparation  of  sections  for  the  microscope  the  pieces 
must  be  sawed  through  vertically  because  there  is  often  a 
marked  difference  between  the  top  and  the  bottom  of  the  speci- 
men. This  is  due  to  the  fact  that  both  the  Sb  and  the  SbSn 
crystals  are  much  lighter  than  the  liquid  out  of  which  they  freeze 
and  they  therefore  tend  to  float  to  the  surface  of  the  melt.  After 
cutting  with  a  saw  the  surface  of  the  section  must  be  carefully 
filed  to  take  off  all  of  the  surface  altered  in  the  process  of  cut- 
ting.    If  this  is  not  done  the  structure  will  be  broken  up  and 
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obscure.  After  polishing  in  the  usual  way  the  final  polish  on 
a  rouge-board  must  be  continued  longer  than  usual  till  a  good 
surface  is  obtained.  As  an  etching  reagent  2  per  cent,  of  nitric 
acid  in  alcohol  is  very  good. 

With  small  melts  cooled  in  the  air  the  structure  shows  that 
equilibrium  is  not  always  established.  Alloys  in  that  part  of 
the  area  At  Of  the  Sb  of  which  ought  all  to  have  disappeared, 
due  to  the  reaction  on  fO  or  at  0,  often  show  undissolved  cores 
of  Sb.  Similarly  with  Sb-Sn  in  the  ^.r^^^fOPd.  With  very  slow 
cooling,  of  course,  conditions  would  have  brought  about  more 
complete  equilibrium. 

The  microstructure  of  the  series  is  typically  shown  in  the 
following  photographs : 
Fig.  6.       Pb,  65 ;  Sb,  25 ;  Sn,  10  (X  45).     The  white  crystals 

are  Sb  set  in  a  ground-mass  which  freezes  at  0,  a 

mixture  of  Sb-Sn  and  Pb  (Fig.  7). 
Fig.  7.       Pb,  78;  Sb,  11;  Sn,  11  (x  90).     Fig.  8  (the  same  X 

45)  occurs  very  near  the  point   0.     Fig.  8  is  the 

top  of   the  alloy  and  shows  the  layer  of  Sb-Sn 

cubes  which  have  floated  to  the  surface.      The 

structure  of  the  ground-mass  is  well  shown  in  Fig. 

7  and  is  a  mixture  of  Pb  and  Sb-Sn. 
Fig.  9.     Pb,  85;  Sb,  10;  Sn,  5  (X  56).     The  black  dendrites 

are  Pb  surrounded  by  the  same  ground-mass  as 

before. 
Fig.  10.     Pb,  20 ;  Sb,  10 ;  Sn,  70  (X45).    White  cubes  of  Sb-Sn 

set  in  a  background  of  Sn  a,  which  separates  out 

along  rfP,  and  a  dark  ground-mass  of  Pb-Sn  a  which 

froze  at  P  or  on  Pq, 
Fig.  11.     Pb,  37.5;  Sb,  2.5;  Sn,  60  (x  55).    The  dendrites  are 

Sn  (Sn  a)  surrounded  by  the  Pb-Sn  a  ground-mass 

as  above. 

IIL  Alloys  of  Tin,  Antimony,  and  Copper. 
These  alloys  find  extensive  use  as  bearing-metal,  Britannia 
metal,  etc.  Table  II.  gives  a  number  of  typical  analyses  from 
various  sources  and  shows  that  usually  Sn  exceeds  70,  Sb  is  less 
than  20,  and  Cu  less  than  10  per  cent.  Charpy  ^*  examined 
about  20  alloys  for  microstructure  and  compressive  strength. 
Before  discussing  the  ternary  alloys  a  word  or  two  must  be  said 
of  the  Cu-Sn  series. 
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Table  II. — Composition  of  Sn-Sb-Cu  Alloys. 


No.  I 


Ndme.    Metal. 


I  Sn.  8b.  I  Cu. 


Authority, 


English  Britannia 94 

Bearing 91 

English  Brilannia— sheet |90.6| 

English  Britanniar-casl ,90.6 

Bearing 90 

Bearing— Russian  R.  R 90 

English  Britannia 90    ' 

English  Britannia 90    I 

Bearing 89.31 

Pewter 89.3 

Bearing, 


Bearing.. 


5 
4.5! 

7.8, 
9.2 

6  I 

8.9| 

7  I 
.4 


P.C.lP.C.P.C.     P.  C. 

■  "     '  1     I , 

4.5! 

1.5 

0.2| 

4     I , 

2 

I  I 

1.8 , 

1.8  Pb,  1.8 
3.71 


I  Bi,  2 


.'88.8    7.5   3.7!. 


7.1 

7     t 

7 

9.71 

7.5 
10    I 


3.5,  Zn,  0.9 


3.5'  Bi,  1.0' 


11.1 


1.8 
7.5 

5 

2 

5.5 

8. 

6 

8 


Zn,  3 


Zn,5 


Queen's  metal 88.5 

Queen's  metal 88.5 

Bearing '87 

English  Britannia 85.5 

Bearing— heavy.., 85 

Jacoby  metal 85 

German  Britannia 84 

French  car-bearlugs 83.3 

Bearing 83.3"  8.3' 

Bearing— German  R.  R 83    ill 

Bearing— valve-rods,  etc 82    llO 

Bearing— French  R.  R 82    |12 

Britannia  (Baumgartel) 81.9|l6.3|  1.8 

Bearing— Swiss  R.  R 80     10    110 

I  Ash  berry  metal 180    |14    I  2 

1  Ash berrv  metal '79    |15    I 

Britannia.   Ashberry ,77.8,19.4 

Briunnia.  Ashberry i77.9  19.4| 

Bearing— English 76.7,18.51 

Bearing— German 76    |17 

Bearing 73    'IH 

Bearing !72    !26 

German  Britannia !72    b4    i  4    | 

Bearing  ^Karmarsch) 71. 4|  7.2pil.4, 

Bftarlng— Valve  packing |71     M    '  ft    \ 

Bearing  (Karmarsch) 70.7  19.7-  ^.5| 

Minofor  (Britannia) 68.5  I H. 2'  :i.8  Zn,  10 

Bearing— G.  W.  R.  (England) ,67     11 


3 
2.8 


Zn,  1 
Zn,2 


7.8. 


Zn,  2.8 


9 


Bearing— French  R.  R 167 


Dewrance  metal  (locomotive) ,33.3  il..'i''±2.2j 


It 


Law. 

Private  notes. 

Brannt 

Law. 

Private  notes. 

Thurston. 

Law. 

Law. 

Thurston. 

Branut. 

Karmarsch.    Bolley. 

Law.    Thurston. 

Law. 

Law. 

Hiorns. 

Law. 

Private  notes. 

Ledebur.    Brannt. 

Law.    Brannt. 

Charpy. 

Private  notes. 

Ledebur. 

Law. 

Ledebur. 

Bolley.    Brannt. 

Thurston. 

I>aw. 

Thurston.    Bolley. 
Roberts-Austen. 
Brannt.    Bolley. 
Brannt. 
Thurston. 
Thurston.    Bolley. 
Brannt.    Law. 
Thurston.    Bolley. 
Thurston. 
Thurston.    Bolley. 
Brannt.    Law. 
Thurston. 
Law.    Charpy. 
Charpy.    Hiorns. 


1.   Copper  and  Tin. 

In  Fig.  4  is  given  a  simplified  diagram.  Some  of  the 
changes  have  been  omitted  {e.g^  that  which  occurs  in  the  alloys 
between  c  and  Cat  740°  C.)  because  the  various  researches, 
notably  by  Heycock  and  Neville,  Shepherd  and  Blough,^  Gio- 
lotti  and  Tavanti,'^  do  not  agree,  and  these  points  are  still  un- 
settled. The  freezing-point  curve,  or  liquidus,  is  ABCDEFG. 
The  solidus,  or  end  of  freezing,  is  given  by  AabcdxnefFg. 
In  alloys  with  Sn  from  0  to  38.2  per  cent.  (CUgSn)  the  curves 
below  the  solidus  represent  changes  in  the  solid  alloy. 

Considering  the  Cu-Sn  thermal  diagram  in  small  parts  it  at 
once  becomes  simple,  being  merely  compounded  of  a  number 
of  simple  curves. 

The  Too  Solid  Solutions^  Alpha  and  Beta. 

The  part  of  the  diagram  embraced  by  ABC — Aabc  and  just 

[11] 


Digitized  by 


Google 


1392 


NOTES  ON  THE  METALLOGRAPHY  OP  ALLOYS. 


below  it,  shows  that  the  conditions  are  similar  to  that  repre- 
sented by  Fig.  2. 

In  freezing,  a  solid  solution  rich  in  Cu  (alpha  or  the  solid  I)  sep- 
arates out  when  the  temperature  reaches  the  curve  AB.  This 
enriches  the  liquid  in  Sn,and  at  795°  C.  there  are  dendrites  of 
alpha,  saturated  with  Sn  of  composition  a,  and  a  liquid  of  com- 
position B.  Then  occurs  a  reaction :  solid  solution  alpha  (a)  + 
liquid  B  =  solid  solution  beta  (6).  This  reaction  continues  till 
all  of  the  alpha  or  all  of  the  liquid  is  used  up  and  the  alloy 


1,084 
1,000 


J*  Solid  Solution,  Alpha 
ll-SoUd  Solution,Beta 
///-  Cu4Sn     IV*  CusSn 

r-CuSn 


ao  40  50  60  70  80 

PERCENTAGE  OF  TIN 

Fig.  4.— The  Copper-Tin  Diaobam. 


90       100 


Sn-l- liquid 
Sn+Butectic 


becomes  solid.  In  the  area  marked  by  the  solid  /is  the  solid 
solution  rich  in  copper,  or  alpha.  In  the  triangular  area  marked 
by  the  solid  7/ is  nothing  but  the  beta  solid  solution,  while  be- 
tween these  two  areas  is  /  +  //,  or  the  mixture  of  alpha  and 
beta  (see  Figs.  18  and  24). 

But  this  beta  solid  solution,  which  contains  Sn,  22  per  cent, 
at  795°  C,  becomes  enriched  in  Sn  as  the  temperature  falls, 
and  this  it  does  by  following  down  the  curve  bj  and  precipitat- 
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ing  some  alpha.  On  arriving  at  J,  the  eutectoid  point  at  500°  C, 
it  suddenly  breaks  up  into  a  mechanical  mixture  of  alpha  and 
another  solid  which  we  will  call  Cu^Sn  (although  it  may  be 
merely  a  solid  solution  and  not  a  compound).  This  mechani- 
cal mixture  is  the  eutectoid  and  corresponds  to  pearlite  in 
steel. 

Beta  Alone. 

In  alloys  between  b  and  p  (Sn,  from  22  to  25  per  cent.)  the  beta 
solution  in  the  area  //  in  cooling  reaches  the  curve  hj  and 
alpha  separates  out,  enriching  beta  in  tin  until  at  500°  C.  it 
corresponds  to^',  or  Sn,  25  per  cent.,  when  it  splits  up  into  the 
eutectoid  as  before. 

In  alloys  between  7?  and  q,  orSn,  25  and  31.8  per  cent,  re- 
spectively, the  beta  solution  in  the  area  i/,  on  cooling  down, 
reaches  the  curve  {/,  and  JZZ,  or  Cu^Sn,  starts  to  precipitate. 
Thus  in  area  Ijk  are  grains  of  beta  surrounded  by  a  network 
of  Cu^Sn,  just  as  in  high-carbon  steel  the  solid  solution  (aus- 
tenite)  can  occur  surrounded  by  iron  carbide  (cementite).  At 
500°  C,  or  hjk  line,  the  remaining  beta  of  composition  J,  or  Sn, 
25  per  cent.,  splits  up  into  the  eutectoid  as  before. 

Therefore  into  the  normal  state  we  have : 

Sn  from  0  to  10  per  cent,  (alpha  solid  solution).  Sheet-bronze 
to  gun-metal. 

Sn  from  10  to  25  per  cent,  (alpha  grains  set  in  eutectoid, 
Figs.  24  and  19).     Gun-metal  to  bell-metal. 

Sn  from  25  to  31.8  per  cent.  (Cu^Sn  and  eutectoid,  see 
Fig.  12). 

Sn  31.8  per  cent,  (pure  Cu^Sn).     Speculum-metal. 

Z/imit  of  the  Alpha  Solid  Solution. 

The  amount  of  Sn  that  Cu  holds  in  solid  solution  depends 
on  the  rate  of  freezing  and  cooling.  In  an  ordinary  casting, 
when  Sn  exceeds  6  per  cent.,  traces  of  the  eutectoid  can  be 
seen.  At  Sn,  10  per  cent,  (a  gun-metal),  the  structure  closely 
resembles  Fig.  24,  the  euctectoid  being  quite  noticeable.  In 
these  alloys,  however,  the  alpha  grains  are  not  saturated.  Long 
annealing  gives  us  homogeneous  alpha  grains,  up  to  Sn,  12  or 
13  per  cent.     Thus  sheet  gun-metal  is  all  alpha. 

The  eutectoid  is  hard,  sonorous,  but  somewhat  brittle.    Thus 
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for  small  bells  we  can  use  almost  the  eutectoid  alloy,  while  for 
larger  ones  we  must  have  more  of  the  alpha  grains,  which 
decrease  the  brittleness  and  lower  the  tone.  Fig.  19  might 
represent  the  structure  of  ordinary  bell-metal. 

The  compound  Cu^Sn  is  very  brittle,  but  takes  a  high  polish 
and  is  used  for  mirrors  in  optical  work. 
The  Compounds  CuJSn  to  Cu^Sn,  or  Sn^  31.8  to  38.2  Per  Gent. 

Taking  the  area  //  above  the  curve  in,  the  beta  solid  solu- 
tion, on  cooling  down,  reaches  nl,  and  the  compound  Cu^Sn, 
or  IV^  precipitates  out.  Thus  in  the  area  mln  we  have  a  mix- 
ture of  beta  and  CugSn.  Now  at  580°  C,  or  Zm,  the  remaining 
beta  changes  into  the  compound  Cu^Sn,  so  that  below  580°  C. 
these  alloys  consist  of  CujSn  and  Cu^Sn,  i.  6.,  ///  plus  IV. 
They  are  very  brittle  and  not  commercially  useful. 

Alloys  Rich  in  Tin. 

The  alloys  with  Sn  in  excess  of  38.2  per  cent,  are  all  brittle 
and  of  no  commercial  importance  until  those  containing  about 
85  per  cent,  are  reached.  This  part  of  the  curve  shows  two 
horizontals,  Dx  and  JEer,  besides  the  eutectic  linefF'g.  At  630° 
C.  the  line  Ddx  gives  the  temperature  of  the  reaction  solid  so- 
lution //+  solid  IV,  or  CUjSn  +  liquid  D.  Similarly,  the 
line  JEer  at  400°  C.  represents  the  reaction :  IV  (CujSn)  + 
liquid  E  z=  V  (CuSn).  Theoretically  this  reaction  ought  to 
be  complete,  and  in  alloys  with  Sn  from  38.2  to  66  per  cent 
the  liquid  is  all  used  up  before  the  CujSn,  and  therefore 
the  kernels  of  CujSn  are  surrounded  by  a  ground-mass  of 
hard  white  Cu-Sn,  or  IV  +  V.  In  practice,  however,  the 
Cu-Sn  forms  envelopes  round  the  CujSn  and  the  reaction  is 
not  complete,  so  in  the  area  IV -\-  V  occurs  CUjSn  +  Cu-Sn  and 
some  eutectic,  while  in  alloys  with  Sn  from  65  to  92  per 
cent.,  e  to  E,  are  more  or  less  cores  of  CujSn  inside  the  Cu-8n 
set  in  the  excess  eutectic,  Fig.  15.  Theoretically  all  of  the 
CujSn  should  be  used  up  (and  is,  on  very  slow  cooling)  before 
the  liquid  and  the  resulting  alloys  should  be  Cu-Sn  {V)  +  eu- 
tectic. 

On  the  right  hand  side  of  the  diagram  is  the  V  curve  EFG ; 
this  is  similar  to  that  of  Fig.  1,  for  EF  denotes  the  freezing-out 
of  Cu-Sn  in  laths  and  needles,  FQ  the  freezing  of  crystals  of  Sn 
in   dendrites,  while  the  horizontal  gFf  is  the  freezing  of  the 
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eutectic  of  Sn  and  Cu-Sn.  See  Pigs.  14,  13,  and  12.  The 
Cu-Sn  needles,  skeleton  stars,  etc.,  are  quite  characteristic, 
and  together  with  the  CuSn-Sn  eutectic  enter  into  the  con- 
stitution of  tin-rich  babbitt  metals. 

The  horizontal  Em  illustrates  the  case  of  the  compound, 
which  dissociates  before  reaching  the  melting-point;  thus,  on 
heating,  Cu-Sn,  or  V,  splits  up  at  400°  C.  into  CugSn  {IV)  + 
liquid  E. 

The  eutectic  point  F  is  Cu,  1  per  cent.,  and  225°  C.  (Fig. 
13).  In  the  alloys  with  less  than  Cu,  1  per  cent.,  there  are  grains 
and  dendrites  of  Sn,  surrounded  by  the  eutectic  (Fig.  12). 
Thus,  in  the  useful  alloys  are : 

Cu  from  15  to  8  per  cent.  Cores  of  Cu^Sn,  envelopes,  and 
needles  of  Cu-Sn  set  in  the  eutectic.     Fig.  16. 

Cu  from  8  to  1  per  cent.  Cu-Sn  needles,  stars,  etc.,  in  the 
eutectic.     Fig.  14. 

Cu  from  1  to  0  per  cent.  Dendrites  and  grains  of  tin,  sur- 
rounded by  the  eutectic  of  Sn  and  Cu-Sn.     Fig.  12. 

2.   Ternary  Alloys  of  Tin^  Antimony^  and  Copper. 

In  Fig.  5  is  given  an  approximate  diagram  of  Sb  up  to  80 
per  cent.,  and  Cu,  30  per  cent.,  worked  out  from  microstruc- 
ture.  The  changes  which  take  place  are  similar  to  those  of  the 
Pb-Sb-Sn  series. 

The  line  cq  represents  the  reaction  between  Cu^Sn  and  the 
liquid  to  form  Cu-Sn.  The  line  do  is  the  reaction  between 
Sb-Sn  and  the  liquid  to  form  Sn  a.  The  line  po  is  the  simul- 
taneous freezing  of  Sb-Sn  and  Cu-Sn,  while  ob  is  the  simulta- 
neous freezing  of  Sn  a  and  Cu-Sn,  giving  a  eutectic-like  struc- 
ture, as  in  Fig.  13. 

The  point  0  is  approximately  Cu,  1 ;  Sb,  7.5 ;  Sn,  91.5  per 
cent.,  and  represents  the  reaction :  Sb-Sn  +  liquid  o  =  Sn  a  + 
Cu-Sn. 

Any  alloy  on  the  left  of  qc  will  freeze  out  Cu^Sn,  and  when 
the  liquid  reaches  the  line  eg,  the  reaction  to  form  Cu-Sn 
occurs.  Now  in  ordinary  cooling  the  CujSn  is  soon  covered 
by  Cu-Sn  (Fig.  15),  and  the  reaction  stops,  while  Cu-Sn  con- 
tinues to  freeze  out  normally  from  the  liquid.  The  further 
structure  of  the  alloy  depends  on  whether  the  liquid  reaches 
the  line  po  or  ob.     Suppose  the  liquid  reaches  joo,  then  there  is  a 
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simultaneous  separation  of  Cu-Sn  and  Sb-Sn,  following  po,  till 
at  0  occurs  the  reaction  to  form  Sn  a  +  Cu-Sn.  Again,  the 
reaction  is  not  completed,  and  the  composition  of  the  liquid 
follows  ob  till  the  whole  is  solid.  This  is  shown  in  Fig.  17 : 
Sn,  67;  Sb,  11 ;  Cu,  22  (x  45).  The  dark  cores  to  the  plate- 
like crystals  are  Cu^Sn.  The  white  envelopes  and  dots  are 
Cu-Sn,  the  white  cubes  are  Sb-Sn,  and  the  ground-mass  is  a 
mechanical  mixture  of  Cu-Sn  and  Sn  a  (see  Fig.  13),  which 
freezes  along  ob. 

The  case  where  the  liquid  reaches  ob  is  simpler,  for  it  freezes 
along  ob  as  before  and  the  alloy  shows  no  cubes  of  Sb-Sn.  Fig. 
15,  Sn,  70 ;  Sb,  5 ;  Cu,  25  (X  45),  shows  the  dark  cores  of  CUjSn 
surrounded  by  the  white  envelopes  of  Cu-Sn,  in  a  ground-mass 
which  freezes  along  ob. 

Coming  next  to  those  alloys  the  composition  of  which  falls 
within  ^oAcg',  the  first  thing  to  freeze  out  is  Cu-Sn,  thus  enriching 
the  liquid  in  Sn  and  Sb,  until  it  arrives  at  po  or  ob.  The  further 
changes  are  of  two  kinds,  as  above.  Fig.  16,  Sn,  83.5 ;  Sb,  11 ; 
Cu,  5.5  (x  45),  started  to  freeze  by  separating  needles  and  skele- 
ton crystals  of  Ca-Sn.  The  liquid  finally  reached  the  line  po 
and  then  occurred  a  simultaneous  freezing  of  cubes  of  Sb-Sn  and 
needles  of  Cu-Sn  until  the  point  0  was  reached.  Then  followed 
reaction  and  solidification  along  ob  as  before.  Fig.  14,  Sn,  90 ; 
Sb,  4.5;  Cu,  4.5  (X  50),  began  to  freeze  out  Cu-Sn  as  before, 
but  the  liquid  reached  the  line  ob  and  followed  along  it  till  solid. 
Therefore  no  cubes  appear. 

Any  alloy  in  the  area^^ode  first  freezes  out  cubes  of  Sb-So. 
These  are  lighter  than  the  liquid  out  of  which  they  freeze,  and 
float  to  the  surface,  as  shown  in  Fig.  8.  The  liquid  may  reach 
op  or  od.  If  op,  then  Sb-Sn  cubes  and  Cu-Sn  needles  crystallize 
out  together,  and  freezing  continues,  as  already  described.  If 
od,  the  cubes  tend  to  react  with  the  liquid  to  form  Sn  a  till  o 
is  reached.  This  reaction  is  never  completed  in  ordinary  cool- 
ing, and  further  freezing  follows  o6,  as  before. 

The  reason  why  the  cubes  in  Fig.  16  have  not  floated  to  the 
surface  is  because  they  are  held  down  by  a  skeleton  of  Cu-Sn 
crystals,  which  froze  before  or  with  them.  This  is  well  shown 
in  Fig.  17. 

Alloys  on  the  line  ob  are  represented  by  Fig.  13 :  Sn,  94 ;  Sb, 
5 ;  Cu,  1  (X  50).  Here  we  see  Sn  a  and  Cu-Sn  separating  simul- 
taneously, and  we  get  a  pseudo-eutectic  structure. 
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PERCENTAGE  OF  COPPER 

Fig.  5.— Part  of  the  Tin-Antimony- Copper  Diagram. 


Fig.  6.— Pb,  65  ;  Sb,  25  ;  Sx,  10.    X  45.   Fig.  7.— Pb,  78  ;  Sb,  11  ;  Sn,  11.    X  90. 


[17] 


Digitized  by 


Google 


1S98 


NOTES    OK    THE    METALLQ^EAPEY    OF    ALLOYS, 


Fm.  8.— Pb,  78  i  8b,  U  ;  Sn,  11.      -  4^1.    Fig.  9.^Pb,  85  j  8b,  10  ;  Ss,  5.      x  5$. 


l\Q.  10.— Pb,  20;  SB,  10 ;  Sir,  70.    X  45.    Fig.  1L-Pb,  37,^> ;  Be,  2.5  i  Sk,  60.    v  65. 


Jfiu.  ltf.~SN,  94.^* ;  Sb,  5  j  Cu,  0.5    X  4^-  Fig.  KI.— Sjt,  91  ;  Sb,  o  j  Cu,  1.     v  5-0, 
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Fio.  14.— Sn,  90  ;  Sb,  4.5  ;  Cu,  4.5.   X  ^^0-    Fio.  15.— Sn,  70  ;  Sb,  5 ;  Cu,  25.     X  45. 


Fig.  16.— Sn,  83.5 ;  Sb,  11 ;  Cu,  5.5.  X  45.  Fig.  17.— Sn,  67  ;  Sb,  11  ;  Cu,  22..   X  45. 


F10..I8.— Zn,  96  ;  CiT,  4.     X  45.      '    F16.  19.— Zn,  85^'Cu,  10  ;  Al,^.  '  X  55» 

•^^^^  Digitized  by  Google 


1400  NOTES    ON    THE    METALLOGRAPHY   OF    ALLOYS. 


Fig.  20.— Zn,  85 ;  Cu,  5  ;  Sn,  10.    X  45.   Pro.  21.— Z^f,  35  ;  Sn,  60  ;  Cu,  5.    X  45, 


Fig.  22.— Sn,  78  ;  Sb,  19  ;  Zn,  3.     X  46.    Fig.  23.— Zx,  85  ;  Sb,  10  ;  Cu,  5.      v  45. 


''W 


Fio.  24.— Co,  88;Ss,  10;Zs,  2.     X  45.   Fio.  25.— Cu,  62;  Sn,  11 ;  Pb,  27.    >;  65. 
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Lastly,  alloys  within  the  area  bod  A  consist  of  dendrites  and 
grains  of  8n  a  set  in  this  pseudo-eutectic,  which  freezes  along 
ob.  Fig.  12  shows  the  alloy  Sn,  94.5;  Sb,  5;  Cu,  0.5  (x  95). 
The  dark  etching  grains  are  the  Sn  a  surrounded  by  the  lighter 
ground-mass,  a  mixture  of  Sn  a  and  Cu-Sn. 

Prom  the  above,  it  will  be  seen  that  in  this  series  most  of  the 
alloys  are  not  in  a  state  of  equilibrium,  because  the  various  reac- 
tions are  incomplete.  As  the  copper-content  is  increased  the 
amount  of  Cu-Sn  increases,  till,  finally,  CUjSn  is  present.  This 
increase  in  Cu  increases  the  hardness  (and  brittleness)  and  de- 
creases the  plasticity  proportionately.  Similarly,  an  increase 
in  Sb  increases  the  amount  of  the  hard  cubes-  of  Sb-Sn,  with 
similar  results. 

IV:  Zinc-Base  Alloys. 

Alloys  rich  in  Zn  have  an  extensive  use  as  bearing-metals. 
Most  of  them  contain  Cu  as  well  as  Sn.  Table  III.  gives  the 
analyses  of  a  number  of  alloys  which  have  been  used  or  advo- 
cated. 

Table  III. — Composition  of  Zinc- Base  Alloys, 


No. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 


Name.     Metal. 


|Zd. 


ip.c. 

Hamilton  metal.. ,93.4 

Bearing— hard 90 

Ehrhardt's  metal |89 

Bearing ,88 

Salge  metal 85.5 

Lumen 86 

Lumen 85 

Bearing j85 

Bearing 85 

Biddery  metal— Heine's '84.3 

Pierrot  metal— Beugnot ]83.3 

Fenton's  alloy ,80 

Penton's  alloy 80 

Bearing .77 

English  white  metal |76.2 

Vaucher's  alloy 75 

For  pump-cocks 72 

For  propeller-bushing 69 

Babbitt  metal 69 

Bearing— English 67.7' 

Bearing. 66.5 

Dunnlevic  &  Jones  metal 152 

Heavy  axle 147 

Heavy  axle ]40 

Parsons  white  brass 30 


Cu. 

P.O. 

3.5 

7 

4 

8 

4 
10 
10 

5 

5 
11.4 

8.8 

6 

8.5 

5.5 

5.6 


Sn.    Sb. 

P.O.  PC.    P.  C. 

1.5  Pb,  3.1 

1.5    1.5 
4 


Authority. 


10 
1.4 
7.6 

14 


10 


17.5 

17.5 

18 

21 

26 

19 

14.9 

29. 3j 

146 

as   ! 

15    , 
65 


14.5 


3.5 


2.5 


0.4 


Pb.  3 

Pb,  "iVi! 

Al,  4     I 
Al,  5      , 


Pb,2.9l 
Pb,  3 


Pb,  0.7 
Pb,  4.5 


Pb,5 


Pb,  4 
Pb,  8.2 


Thurston.    Bolley. 

Brannt. 

Thurston.    Bolley 

Brannt. 

Dudley. 

Metal  Industry. 

Notes. 

Ledebur. 

Notes. 

Bolley.    Brannt. 

Ledebnr. 

Law. 

Thurston.    Bolley. 

Ledebur. 

Brannt. 

Hlorns. 

Bolley. 

Robeils-Austen. 

Ledebur. 

Thurston.    Bolley. 

Thurston.    Bolley. 

Charpy. 

Brannt. 

Brannt. 

Notes. 


The  binary  alloys  of  Zn  and  Cu  show  at  the  Zn  end  of  the 
series  (Shepherd,®  Tafel*^)  two  solid  solutions,  e,  with  Cu,14  per 
cent.,  and  i?,  with  Cu,  2.5  per  cent.  There  is  no  eutectic,  but  a 
reaction-point,  as  in  the  alloys  rich  in  Sn  in  Fig.  2.  Thus,  Fig: 
18  (X  45)  is  the  alloy  with  Zn,  96 ;  Cu,  4  per  cent.    The  white 
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dendrites  are  the  «  with  Cu,  14  per  cent.,  and  the  dark  etching 
ground-mass  is  i?  with  Cu,  2.5  per  cent.,  in  solid  solution.  ]S'ow, 
most  of  the  zinc-base  bearing-metals  show  dendrites  of  «  set  in 
a  ground-mass,  which  varies  with  the  third  metal. 

1.  Zinc  and  Tin. 

The  Zn-Sn  alloys  can  be  shown  by  Fig.  1.  The  eutectic 
occurs  at  Zn,  8  per  cent.,  and  204°  C.  As  the  Zn  end  of  the 
Cu-Zn  diagram  can  be  represented  by  the  right-hand  side  of 
Fig.  2,  the  zinc-rich  corner  of  the  ternary  diagram  can  be  ex- 
plained by  the  right-hand  corner  of  Fig.  3,  if  d  represents  Cu, 
2.5  per  cent.,  and  y,  Sn,  92  per  cent.,  the  C  would  be  pure  zinc. 
For  example.  Fig.  20  is  Zn,  85 ;  Cu,  5 ;  Sn,  10  (X  45).  The  white 
dendrites  are  c  (Cu,  14;  Zn,  86),  and  crystallized  out  until  the 
liquid  reached  the  line  dF.  Following  this  line  there  was  the 
reaction  between  e  and  the  liquid  to  form  ??,  which  continued 
until  at  P  the  rest  of  the  liquid  went  solid,  for  e  -f  liquid  =  i? 
-f  Sn.  The  latter  can  be  seen  as  irregular  light  lines  in  the 
ground-mass. 

Again,  Fig.  21 :  Zn,  35 ;  Sn,  60 ;  Cu,  5  (x  45).  As  before,  the 
white  dendrites  are  c,  surrounded  by  dark  envelopes,  the  ??, 
while  the  ground-mass  is  the  matrix  rich  in  Sn,  which  froze  at 
P,  as  before. 

2.  Zinc  and  Aluminum. 

The  metals  Zn  and  Al  were  thought  to  form  no  compound 
(Shepherd^),  but  Eosenhain  and  Archbutt^®  show  that  the 
eutectic  Al,  5  per  cent.,  at  380°,  is  composed  of  a  mechanical 
mixture  of  Zn  and  AlgZn^. 

Then  in  the  alloy  shown  in  Fig.  19,  Zn,  85;  Cu,  10;  Al,  5 
(X  55),  the  white  dendrites  are  e,  as  before,  but  the  ground- 
mass,  which  freezes  mainly  at  the  point  P  (Fig.  2),  is  composed 
of  T}  and  AlgZnj.  Under  high  powers  it  is  clearly  such  a 
mechanical  mixture. 

3.  Other  Alloys  of  Zinc. 

Two  other  alloys  are  given  as  representing  a  different  form 
of  crystallization.  Fig.  23,  Zn,  85;  Sb,  10;  Cu,  5  (X  45),  the 
bright  needles  are  SbgZuj,  set  in  a  complex  ground-mass.  Fig. 
22  is  an  alloy  rich  in  Sn— Sn,  78 ;  Sb,  19 ;  Zn,  3  (X  45).  There 
are  three  distinct  kinds  of  crystals :  the  bright  white  cubes  of 
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Sb-Sn,  darker  cube-like  forms,  perhaps  Sb-Zn,  with  a  few  needles 
of  SbjZng,  the  whole  set  in  a  ground-mass  rich  in  tin. 

To  make  a  general  summary  of  the  structure  of  these  white 
anti-frictional  alloys,  they  are  composed  of  hard  crystals  or 
dendrites,  such  as  Sb-Sn,  CugSn,  Cu-Sn,  Sb^Zuj,  e,  etc.,  set  in  a 
more  or  less  plastic  ground-mass. 

V.  The  Bronzes. 
For  the  sake  of  comparison  between  the  white  metals  and 
the  bronzes,  two  micrographs  are  given,  Figs.  24  and  25.  The 
first.  Fig.  24,  shows  the  alloy  of  Cu,  88 ;  Sn,  10 ;  Zn,  2  (x  45). 
It  is  composed  of  composite  dendrites,  with  dark  etching  cores, 
set  in  a  small  amount  of  a  harder  material,  the  eutectoid.  The 
structure  can  be  explained  by  reference  to  Fig.  4.  Neglecting 
Zn  for  a  moment,  an  alloy  of,  say,  Cu,  90 ;  Sn,  10,  on  cooling 
down  to  the  temperature  of  the  liquidus  curve,  J.J5,  begins  to 
crystallize  at  about  1,000  C,  or  x.  The  composition  of  the  first 
solid  to  form  is  given  by  the  solidus  curve,  Aa,  and  is  y.  JSTow, 
as  freezing  continues  and  the  temperature  falls,  the  composi- 
tion of  the  liquid  follows  the  curve  AB^  the  composition  of  the 
solid  follows  the  curve  -4a,  until,  at  798°  C,  the  last  trace  of  liquid 
of  composition  B  has  disappeared,  and  the  solid  has  now  the  com- 
position a,  or  Sn,  10  per  cent.  This  state  of  affairs  only  occurs 
with  slow  cooling,  such  as  to  allow  the  composition  of  the  solid 
to  change  progressively  along  the  curve  Aa  by  diffusion.  Under 
ordinary  conditions^  however,  cooling  is  not  slow  enough  to 
maintain  a  state  of  equilibrium,  and  the  diffusion  does  not  keep 
pace  with  freezing,  so  at  the  temperature  of  the  line  ahB  the 
solid  contains  less  Snthan  a,  and  some  liquid  JB remains.  In  other 
words,  the  dendrites  of  the  solid,  or  /,  are  richer  in  Cu  in  the  cen- 
ter, or  cores,  and  etch  differentially,  as  seen  in  Fig.  24.  At  795° 
the  reaction  takes  place,  solid  a  -{-  liquid  B  =  solid  6,  and  all 
of  the  liquid  is  used  up.  Hence,  below  795°  C.  are  dendrites 
of  a,  surrounded  by  a  small  amount  of  /?,  or  /  -h  //.  Then,  at 
500°  C,  the  ?  splits  up  into  the  eutectoid,  as  already  described. 
Hence,  an  alloy,  when  cold,  consists  of  unhomogeneous  den- 
drites of  a  set  in  a  small  amount  of  the  eutectoid,  as  in  Fig.  24. 
In  regard  to  the  Zn,  2  per  cent.,  Cu,  on  freezing,  ^vill  retain  Zn 
to  80  per  cent,  in  solid  solution,  or  38  per  cent,  at  ordinary 
temperatures.     In  the  ternary  Cu-Zn-Sn  diagram  a  triangle 
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bounded  by  Cu  to  Cu,  90-Sn,  10;  and  Cu  to  Cu,  64-Zn,  36, 
gives  the  approximate  limits  of  the  solid  solution  a.  In  the  alloys 
rich  in  Sn,  the  excess  is  the  eutectoid,  as  in  Fig.  24,  all  the  Zn 
being  in  solid  solution  in  the  dendrites  of  alpha.  In  alloys  rich 
in  Zn,  as  tobin  bronze,  naval  brass,  manganese-bronze,  the  excess 
is  the  beta  Cu-Zn  solid  solution,  the  Sn  being  all  in  solution, 
presumably  in  the  alpha,  and  therefore  the  resulting  structure 
is  that  of  muntz  metal. 

1.  Phosphor-Bronze. 
.  These  alloys  may  be  divided  into  low  ajid  high  phosphorus. 
In  low-phosphorus  alloys  the  phosphorus  is  completely  dissolved 
in  the  alpha.  In  high-phosphorus  alloys  the  compound  CujP 
is  present  as  a  "  pseudo-eutectic,"  mixed  with  the  eutectoid  of 
alpha  and  Cu^Sn.  The  formation  is  similar  to  that  shown  in 
the  area  AnOf  in  Fig.  3,  taking  r  as  the  Cu-CujP  eutectic  at  8.27 
per  cent.,  and  700°  C,  according  to  Heyn  and  Bauer,*^  and  /, 
the  reaction-point  B  of  Fig.  4,  at  Sn,  25  per  cent.,  and  795°  C. 
The  point  0  is  probably  620°  C,  and  Cu,  81 ;  Sn,  14.2 ;  P,  4.8 
per  cent.,  from  Hudson  and  Law's  work^  on  phosphor-bronze. 
Thus,  in  freezing,  the  first  constituent  to  form  is  alpha,  as  in 
Fig.  24.  On  reaching  the  curve  fO  occurs  the  reaction  which 
forms  beta.  At  0  the  whole  mass  goes  solid  by  the  reaction: 
alpha  +  liquid  0  =  beta  +  CUgP.  Then,  at  500°  C,  the  beta 
splits  up  into  the  eutectoid,  as  in  ordinary  bronzes.  Hence, 
the  structure  is  composed  of  alpha  dendrites  in  a  ground-mass 
with  a  eutectic-like  structure,  a  mixture  of  Cu^P,  Cu^Sn,  and 
alpha. 

2.  Plastic  Bronze. 

The  structure  of  the  bronzes  rich  in  Pb  is  typically  shown 
in  Fig.  25:  Cu,62;  Sn,  11 ;  Pb,  27  (X  65).  The  black  patches 
are  Pb,  the  background  is  bronze  (alpha  +  eutectoid).  This 
structure  is  due  to  the  fact  that  Pb  has  only  a  limited  solu- 
bility in  Cu  and  in  bronze. 

In  the  Cu-Pb  alloys,  Cu  freezes  out  and  enriches  the  liquid 
in  Pb  until  at  950°  C.  it  is  saturated  with  Pb,  35  per  cent. 
Further  freezing  out  of  Cu  causes  the  precipitation  of  a  second 
liquid  rich  in  Pb,  which  freezes  independently  when  the  tem- 
perature falls  after  the  first  liquid  has  all  frozen.  This  pre- 
cipitation of  the  second  liquid  rich  in  Pb  gives  rise  to  the 
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structure  given  in  Fig.  25,  the  final  freezing  taking  place  at 
327°  C. 

The  ternary  alloys  Cu-Sn-Pb  have  been  studied  by  Giolitti 
and  Marantonio  ^  and  by  Quertler,^  who  found  that  the  satu- 
ration-point  of  Cu,  65;  Pb,  35,  at  950°  C,  was  reduced  by  the 
addition  of  Sn  both  in  concentration  and  temperature.  Thus 
Sn,  10  per  cent,  reduces  the  point  to  885°  C.  and  Pb  23  per 
cent,  whereas  Sn,  20  per  cent,  reduces  it  to  796°  C.  and  Pb  10 
per  cent.  Again,  the  addition  of  Pb  to  a  Cu-Sn  alloy  (say  Sn,  10; 
Cu,  90)  reduces  the  freezing-point.  Cu-Sn  alpha  begins  to 
freeze  out  and  enriches  the  liquid  in  Pb.  At  the  saturation- 
point  the  liquid  rich  in  Pb  is  precipitated  as  before;  while 
the  transition-point,  a  +  liquid  =  ^,  is  lowered  by  the  addi- 
tion of  Pb,  the  eutectoid  change  at  500°  C,  where  the  P  decom- 
poses, is  not  lowered  thereby,  because  the  composition  of  the 
fi  is  not  altered  by  the  lead. 

In  general,  then,  the  structure  of  ordinary  bronze  consists 
of  the  Cu-Sn  solid  solution  alpha  with  a  small  amount  of  the 
hard  eutectoid  filling  in  the  interstitial  spaces  between  the  den- 
drites and  grains.  Phosphor-bronze  is  similar,  but  in  addi- 
tion to  the  eutectoid  CugP  is  present,  with  a  proportionate 
lowering  of  both  freezing-  and  melting-points.  Lastly,  the 
plastic  bronzes  show,  in  addition  to  the  Cu-Sn  solid  solution 
alpha  and  the  euctectoid,  more  or  less  patches  of  Pb,  which 
has  reduced  the  freezing-point  and  retarded  the  end  of  solidifi- 
cation to  327°  C,  the  freezing-point  of  Pb.  The  presence  of 
this  Pb  gives  the  plastic  property. 
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The  Action  of  Various  Commercial  Carbonizing-Materials. 

BY  ROBERT  R.  ABBOTT,  E.  M.,  MET.  E.,*  CLEVELAND,  OHIO. 

(Cleveland  Meeting,  October,  1912.) 

The  practice  of  carbonizing  steel  for  the  purpose  of  case- 
hardening  has  assumed  great  commercial  importance  within 
the  past  10  years. 

Formerly,  case-hardened  steel  was  held  in  more  or  less  con- 
tempt, since  it  was  considered  a  cheap  substitute  for  tool-steel. 
This  is  no  longer  the  case.  The  development  of  the  motor-car 
industry,  and  coincidentally  that  of  modern  alloy-steels,  has 
resulted  in  overcoming  many  diflB.culties  formerly  experienced 
in  case-hardening.  This  result  has  been  accomplished  by  in- 
creased knowledge  regarding  the  analysis  of  the  steel  which 
would  respond  most  readily  to  case-hardening,  and  by  more 
careful  methods  of  treatment  of  the  carbonized  steel. 

The  ordinary  method  of  carbonizing  consists  in  packing  the 
steel  with  the  carbonizing-material  in  cast-iron  boxes  and  plac- 
ing them  in  a  furnace  at  a  temperature  of  from  1,500°  to  1,900° 
P.  for  a  time  sufficient  to  give  the  required  depth  of  "  case." 
The  steel  is  then  either  quenched  directly  from  the  box,  or  is 
allowed  to  cool  without  unpacking,  and  finally  given  a  single 
hardening-heat,  or,  for  special  work,  two  or  three  heata. 

During  the  year  1911,  more  than  100,000  tons  of  carboniz- 
ing-material was  sold  in  the  United  States,  at  an  average  price 
of  probably  J55  per  ton.  More  than  85  per  cent,  of  this  mate- 
rial consisted  of  granulated  bone. 

Within  the  past  four  years,  many  manufactured  compounds 
have  been  placed  on  the  market,  consisting  largely  of  some 
'  form  of  carbon  or  carbonaceous  material,  with  or  without  the 
addition  of  chemicals. 

Steel  will  absorb  carbon  placed  in  contact  with  it  at  the 
temperature  of  the  atmosphere.  The  reaction  is  exceedingly 
slow,  but  increases  rapidly  with  increasing  temperature.    Below 

*  Metallurgical  Engineer,  The  Peerless  Motor  Car  Co. 
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1,500°  F.,the  absorption  is  too  slow  to  be  commercially  impor- 
tant. Various  causes  combine  to  make  it  impracticable  to  car- 
bonize above  1,900°  P.  In  general,  carbonizing  is  carried  out 
at  temperatures  ranging  from  1,550°  to  1,760°,  and  higher 
temperatures  are  used  only  when  the  quality  is  not  as  impor- 
tant as  the  cost.  Broadly  speaking,  the  higher  temperatures 
can  be  employed  for  high-grade  work  when  proper  facilities 
are  at  hand  for  a  careful  regulation  of  the  temperature,  and  a 
knowledge  is  possessed  of  the  correct  subsequent  heat-treatment 
of  the  carbonized  product. 

When  steel  is  carbonized,  the  carbon  does  not  penetrate  in  a 
gradually  decreasing  -content  from  a  high -carbon  exterior  to 
the  uncarbonized  core,  but  rather  in  a  series  of  steps ;  for  ex- 
ample, there  is  usually  present  a  considerable  zone  of  the  eutec- 
toid  composition,  which  in  the  present  paper  has  been  assumed 
to  contain  0.90  per  cent,  of  carbon. 

Many  of  the  commercial  materials  behave  differently  in  car- 
bonizing, and  even  under  exactly  the  same  conditions  of  time 
and  temperature  different  depths  of  penetration  x>t  different 
per  cents,  of  carbon,  or  both,  are  obtained. 

In  order  to  produce  good  results  in  case-hardening,  a  uniform 
material  must  be  used,  and  the  treatment  of  the  steel  subse- 
quent to  carbonizing  must  be  suited  to  the  nature  of  the  case 
produced. 

The  present  investigation  was  undertaken  to  compare  most 
of  the  important  commercial  carbonizers  as  to  cost  of  carbon- 
izing, rapidity  of  carbonizing,  and  the  nature  of  the  resultant 
carbon-zones. 

The  method  of  procedure  usually  followed  in  investigating 
carbonizing-compounds  consists  in  carbonizing  small  bars  for 
different  lengths  of  time,  and  then  turning  off  successive  layers, 
usually  0.010  in.  deep,  and  analyzing  the  turnings  for  carbon. 
This  method  is  not  entirely  satisfactory,  as  two  bars  showing 
practically  the  same  carbon-content  might  be  carbonized  in 
entirely  different  ways,  so  that  the  same  subsequent  heat-treat- 
ment would  produce  decidedly  different  results. 

Method  of  Investigation, 
The  method  used  in  the  investigation  is  the  result  of  more 
than  four  years'  experience  in  studying  carbonizing  and  ear- 
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bonizing-compoundB.  Twenty -five  materials  were  investigated, 
designated  by  the  letters  A  to  Y.  For  obvious  reasons,  the 
names  of  the  compounds  are  withheld. 

Materials  C,  D,  /,  and  U  are  pure  bone  obtained  from  differ- 
ent firms.  U  and  I  consist  of  bone  in  which  the  glue  has  been 
partly  or  wholly  extracted.  A  and  K  are  bone  mixed  with 
other  carbonaceous  material.  -K  consists  of  partly-roasted  nuts ; 
W  consists  largely  of  husks  and  kernels  of  seeds  or  beans.  JT 
and  Y  consist  of  a  charred  carbonaceous  material  heavily 
charged  with  chemicals. 

The  remainder  of  the  compounds  consist  of  carbonaceous 
material  in  the  form  of  graphite,  coal,  coke,  and  charcoal,  most 
of  which  are  charged  with  various  chemicals. 

(1)  Eight  bars  of  steel,  all  from  the  same  heat,  were  selected 
after  check-analysis  showed  them  to  be  of  uniform  composition. 
The  analysis  of  this  material  was :  C,  0.205 ;  P,  0.015 ;  S,  0.025 ; 
Mn,  0.53;  Si,  0.04  per  cent. 

These  bars,  0.75  in.  in  diameter,  were  cut  in  0.75-in.  lengths. 
The  pieces,  each  weighed  carefully  on  an  analytical  balance, 
were  placed  in  small  white  cast-iron  pots,  surrounded  by  car- 
bonizing-material,  as  shown  in  Fig.  1.  The  cover  of  the  pot 
was  luted  with  fire-clay.  The  pots  were  new,  and  the  same  pot 
was  used  throughout  with  the  material  used  in  it  at  the  start. 
Identical  tests  were  carried  out  on  each  material  at  three  differ- 
ent temperatures,  1,600°,  1,750°,  and  1,900°  F.,  respectively. 

Ten  pots  of  each  material  were  packed  for  each  temperature, 
and  the  250  pota  were  placed  on  the  hearth  of  a  gas-fired  fur- 
nace, having  a  hearth  of  such  a  width  and  length  that  the 
entire  bank  of  pots  was  2  ft.  from  either  end  and  8  in.  from 
either  side.  The  pots  were  arranged  in  10  rows  of  25  to  a  row, 
each  row  contained  one  pot  of  each  material,  and  these  separate 
rows  were  placed  upon  a  strip  of  sheet-iron,  so  that  the  entire 
row  could  be  drawn  out  at  the  end  of  each  hour.  Each  strip 
containing  25  pots  was  first  placed  on  a  large  plate  of  sheet-iron, 
and  the  furnace  was  brought  up  to  heat  and  kept  25°  F.  above 
the  chosen  temperature  for  2  hr.  before  the  heat  was  placed  in  it. 
The  furnace  was  provided  with  a  door  at  each  end,  and  at  the 
proper  time  the  large  plate  containing  the  250  pots  was  drawn 
into  the  furnace.  The  furnace-temperature  was  then  main- 
tained constant  for  10  hr.     Two  pyrometer-couples,  used  for 
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measuring  the  temperature,  were  connected  to  a  recording- 
instrument,  which  gave  a  record  of  each  couple  every  40  sec. 
At  the  end  of  an  hour,  the  first  row  of  pots  was  drawn  from  the 
furnace.  The  operation  of  drawing  this  strip  of  sheet-iron  upon 
which  the  pots  were  placed  occupied  about  30  sec.  At  the  end 
of  2  hr.,  the  next  row  was  drawn,  etc.  The  mass  of  the  brick- 
work in  the  furnace  used  was  suflB.ciently  great  to  prevent  sudden 
changes  of  temperature.  After  the  pots  were  cool,  the  pieces 
of  steel  were  taken  from  them,  carefully  washed  and  reweighed. 
They  were  then  sawn  in  two,  polished,  etched,  and  examined 
under  the  microscope. 


Fig.  1. — A  Carbonizing  Pot.     Cross-Section. 

By  the  use  of  a  micrometer  eye-piece,  the  carbonized  surface 
was  measured.  First,  the  depth  of  the  zone  of  carbon  contain- 
ing more  than  the  eutectic  ratio  (which  was  considered  as  0.90 
per  cent.)  was  measured,  next  the  zone  containing  the  eutectic 
ratio.  The  remainder  of  the  carbonization  was  then  divided 
into  two  zones,  the  line  of  division  being  estimated  as  the  point 
which  contained  0.50  per  cent,  of  carbon.  The  percentage  of 
carbon  in  the  extreme  outer  surface  was  also  estimated.     The 
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results  of  these  measurements,  weights,  and  estimations  are 
given  in  Tables  VII.  to  XXXI. 

Materials  X  and  Y  caused  a  decided  pitting  of  the  surface  of 
the  steel,  and  in  many  cases  it  was  impossible  to  weigh  the 
pieces  accurately. 

The  results  regarding  the  depths  of  carbonization  and  in- 
crease in  weight,  shown  graphically  in  the  diagrams  of  Tables 
Vil.  to  XXXI.,  are  designated  by  the  letter  corresponding  to 
the  material,  and  by  the  temperature  of  carbonization;  thus 
^-1,600  represents  graphically  the  depths  of  the  various  zones 
of  carbon  produced  by  material  A  at  a  temperature  of  1,600® 
for  different  lengths  of  time  from  1  to  10  hr.  The  abscissa,  or 
base-line,  represents  the  surface  of  the  steel.  The  ordinates 
erected  to  this  at  each  hour  represent  the  depth  of  carboniza- 
tion. The  hypereutectic  zone  of  carbon  is  distinguished  by 
single  cross-hatching;  the  eutectic  zone,  by  double  cross- 
hatching.  The  two  zones  of  hypoeutectic  carbon  are  not 
cross-hatched,  nor  are  the  zones  of  decarbonization.  (See 
C-1,760.)     The  broken  line  represents  the  increase  in  weight. 

Repeated  Use  of  Material. 

An  attempt  was  made  to  determine  the  action  of  the  differ- 
ent materials  under  repeated  use.  For  this  purpose,  the  mate- 
rial used  for  9  and  10  hr.  at  1,750°  was  saved  and  repacked  in 
two  more  pots,  two  being  repacked  because  the  shrinkage 
would  finally  require  more  material  than  the  single  pot  could 
hold.  This  second  heat  was  then  run  for  10  hr.  at  1,750®, 
repacked,  and  run  for  two  additional  heats  of  10  hr.  This 
test,  of  which  the  results  are  given  in  Tables  VII.  to  XXXI., 
was  not  entirely  satisfactory,  however,  and  is  now  being  repeated 
on  a  much  larger  scale. 

The  repeated  use  of  material  is  open  to  serious  objection 
when  uniform  results  are  desired.  The  ordinary  method  of 
mixing  part  old  and  part  new  material  is  objectionable  for  the 
reason  that  in  most  places  where  a  great  variety  of  carbon- 
izing is  done,  the  old  material  is  not  uniform,  since  it  has 
been  used  at  different  temperatures  and  for  different  lengths 
of  time. 

The  efficiencies  considered  in  various  ways,  under  one  use 
only,  and  for  the  three  temperatures,  of  the  different  materials, 
are  tabulated  in  Tables  I.  to  VI. 
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Table  I. — Relative  Cost  of  Depositing  the  Same  Weight  of  Carbon 
with  Different  Materials  at  Three  Different  Temperatures, 


1,600°  F. 

1                    1,750®  F. 

1,900°  F. 

Mateii&l. 

'            Cost. 

'   Material. 

Cost. 

Material. 

Co«t. 

V 

$1.00 

!        V 

$1.00 

1 

1          V 

11.00 

R 

1.80 

'         R 

1.28 

,  ^ 

1.21 

M 

;           1.99 

% 

1.54 

1.38 

% 

3.00 

1.73 

^ 

1.81 

4.00 

L 

3.26 

!          8 

3.43 

H 

1           4.54 

S         ' 

3.97 

L 

3.51 

J 

4.55 

w 

4.24 

w 

3.89 

B 

4.71 

E 

4.30 

J         ^ 

3.89 

A 

4.85 

1         H 

4.31 

\         H 

4.47- 

I 

4.92 

il        J 

4.60 

P 

4.52 

U 

1           5.18 

Y 

4.62 

J 

4.60 

F 

1           5.30 

A 

4,70 

A 

6.22 

D 

:           5.30 

P 

4.90 

B 

5.22 

C 

6.84 

1         ^ 

5.30 

N 

5.40 

F 

1           7.11 

'■        / 

5.40 

0 

6.43 

N 

7.18 

U 

5.83 

Y 

6.60 

S 

'           8.00 

0 

6.37 

I 

6.64 

0 

8.10 

!        i) 

6.44 

X 

6.78 

K 

11.71 

1        .V 

6.54 

u 

7.07 

, 

F 

';      c 

K 
T 

7.06 

7.33 

lO.fcO 

34.10 

F 
D 
C 
1         K 
T 

7.20 

7.65 

9.43 

9.65 

32.40 

1         

1 

These  efficiencies  were  calculated  in  the  following  manner: 
The  total  increase  in  weight  of  the  10  pieces  for  each  tempera- 
ture was  divided  by  the  total  number  of  hours  of  carbonizing, 
namely,  55.  This  gave  the  average  increase  in  weight  for  that 
temperature  per  hour.  (This  is  a  fair  average,  for  in  most 
plants  material  will  be  carbonized  for  different  purposes  for 
lengths  of  time  varying  from  1  to  10  hr.)  This  average  increase 
in  weight  was  then  used  as  a  basis  of  comparison  in  three  dif- 
ferent ways,  which  will  be  explained.  In  the  same  way,  the 
total  depth  of  carbonization  for  each  material  under  each  tem- 
perature was  divided  by  55,  thus  giving  an  average  depth  of 
penetration  per  hour. 

From  the  commercial  standpoint,  the  material  which  will 
deposit  the  most  carbon  in  the  steel  at  a  given  cost  is  the  most 
efficient.  Table  I.  has  been  calculated  upon  this  basis.  Mate- 
rial Vy  being  the  most  efficient  (for  all  three  temperatures),  was 
given  the  value  $1.  The  table  is  then  interpreted  thus :  by 
using  material  R  (at  1,600°),  it  will  cost  $1.80  to  deposit  the 
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Table  II. — Relative  Gosi  of  Carbonizing  to  a  Given  Depth  with 
Different  Materials  at  Three  Different  Temperatures. 


1,600»F. 

1.750O  F. 

1,900°  F. 

Material. 

Cost. 

Material. 

Cost. 

Material. 

Cost. 

V 

11.00 

1 

:       V 

$1.00 

^ 

$1.00 

R 

1.41 

•  i 

1.07 

1.06 

M 

2.04 

1.48 

R 

1.54 

% 

2.43 

M 

2.07 

M 

2.16 

4.36 

S 

2.97 

S 

3.03 

P 

4.67        1 

L 

3.12 

L 

3.60 

E                   4.66 

W 

3.76 

W 

3.95 

/                     4.85 

P 

4.61 

P 

4.86 

B                   4.95 

H 

4.90 

H 

5.07 

A 

6.02 

J        J 

5.18 

E 

5.60 

J 

6.15 

E 

5.35 

J 

5.72 

V 

6.19        i 

X 

•5.37 

0 

5.86 

X 

5.20 

Y 

5.62 

X 

6.12 

Y 

5.20        i 

1        A 

5.52 

B 

6.17 

D 

5.55        1 

I 

5.57 

Y 

6.19 

S 

5.73        1 

U 

5.63 

A 

6.25 

C 

6.15 

B 

6.76 

I 

6.26 

0 

6.33 

!      0 

6.48 

U 

6.27 

N 

7.88 

D 

6.54 

D 

7.61 

F 

8.88 

C 

7.00 

N 

7.80 

K 

10.10 

N 

7.77 

C 

8.61 

F 
K 

9.05 

Q.87 

K 
F 
T 

9. 88 

9.93 

T           '           S4.75 

44.75 

same  weight  of  carbon  as  could  be  deposited  by  material  V  at 
a  cost  of  $1.  Likewise,  material  KwW\  cost  J11.71  under  the 
same  conditions. 

Table  II.  is  determined  in  the  same  manner,  with  the  excep- 
tion that  instead  of  being  calculated  upon  a  basis  of  efficiency 
in  depositing  a  given  weight  of  carbon,  a  given  depth  of  pene- 
tration was  used. 

Table  III.  gives  the  relative  efficiency  of  the  same  weight  of 
different  materials  in  depositing  a  given  weight  of  carbon; 
that  is,  in  a  determination  of  the  average  weight  of  carbon  de- 
posited by  the  same  weight  of  different  materials,  that  material 
is  the  most  efficient  which  will  deposit  the  most  carbon.  Mate- 
rial R  was  found  to  be  the  most  efficient  in  this  respect,  and 
was  given  the  value  of  100  per  cent,  iff  was  second,  with  the 
efficiency  of  81.6  per  cent,  at  1,600°  F.  As  a  simple  illustra- 
tion, this  can  be  interpreted  as  follows :  1  lb.  of  material  M 
will  deposit  81.6  per  cent,  as  much  carbon  as  1  lb.  of  mate- 
rial jR. 

[7] 
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Table  III. — Belative  Efficiency  of  the  Same  Weight  of  Different 

Materials  in  Depositing  a  Given  Weight  of  Carbon  at  Three 

Different  Temperatures. 


1,600*^  p. 

1,750°  F. 

1,900°  F. 

Material. 

Efficiency. 

Material. 

i 

Efficiency. 

Material. 

Efficiency. 

Per  Cent. 

Per  Cent. 

Percent 

B 

100.0 

B 

100.0 

B 

100.0 

M 

81.6 

M 

92.3 

M 

95.8 

V 

81.2 

V 

79.8 

V 

86.5 

J 

66.4 

Y 

69.1 

1        •'^ 

69.8 

E 

67.0 

L 

68.6 

^ 

69.0 

B 

44.8 

J 

64.5 

'        E 

62.2 

F 

41.2 

E 

52.0 

,        ^ 

57.5 

N 

40.6 

N 

44.0 

% 

57.2 

A 

38.8 

\        ^ 

43.2 

53.7 

D 

31.8 

« 

41.3 

Y 

52.4 

I 

31.4 

!        F 

40.7 

F 

43.2 

U 

31.3 

A 

39.4 

B 

43.1 

P         :           30.6 

T 

33.7 

s 

40.5 

c 

28.9 

1        ^ 

32.6 

A 

38.4 

H 

26.3 

'        S 

32.4 

1 

38.3 

% 

21.6 

w 

30.2 

1        -P 

38.3 

20.0 

1     ^ 

29.6 

W 

35.6 

K                  16.6 

1     I 

28.0 

1        0 

31.8 

s 

16.2 

u 

27.4 

H 

31.0 

Q 

12.2 

D 

26.8 

I 

24.8 

0 
C 
K 
0 

25.1 
22.6 
18.2 
13.9 

U 

1        D 

K 

C 

!        0 

1 

24.5 

23.5 

21.5 

1        

19.1 

1        

16.4 

Table  lY.  is  calculated  the  same  way  as  Table  IH.,  with  the 
exception  that  its  efficiency  is  based  upon  the  depth  of  carbon- 
ization given  by  the  same  weight  of  different  materials. 

Table  Y.  is  b^sed  upon  the  relative  efficiencies  of  the  same 
volume  of  different  materials  in  depositing  a  given  weight  of 
carbon.  In  this  case,  material  F  is  the  most  efficient  at  1,600° 
and  1,750°  F.;  while  material  Ni&  the  most  efficient  at  1,900° 
F.  This  table  of  efficiencies  does  not  take  into  account  the 
specific  gravity  of  the  different  materials,  and,  therefore,  other 
things  being  equal,  the  heaviest  material  will  appear  as  the 
most  efficient. 

Table  VI.  is  similar  to  Table  V.,  except  that  the  depth  of 
carbonization  is  the  basis  and  not  the  weight. 

Discussion  of  Results, 
A  critical  discussion  of  the  results  of  efficiencies  given  Id 
Tables  I.  to  VI.  could  be  extended  indefinitely.    We  will,  there- 
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Table  IV. — Relative  Efficiency  of  the  Same  Weight  of  Different 

Materials  in  Carbonizing  to  a  Given  Depth  at  Three  Different 

Temperatures. 


1,600®  F. 

1,750'  F. 

1,9000  F. 

Material. 

\ 
Efficiency. 

Material.    |      Efficiency. 

Material. 

Efficiency. 

Per  Cent.       j 

'       Per  Cent. 

■ 

Per  Cent. 

12 

100.0        1 

1         R                   100.0 

JB 

100.0 

V 

88.0 

!          V        1           92.5 

V 

91.0 

M 

86.3 

M                  89.9 

M 

89.5 

X 

71.1 

L                   83.3 

I 

77.2 

Y 

67.8 

X                  72.5    - 

75.0 

J 

63.5 

Q                   69.1 

Y                  67.2        1 

X 

66.2 

E 

52.8 

J 

62.8 

B 

46.3 

1        J                   66.4 

Y 

62.3 

A 

40.7 

'5-                   50.0 

8 

50.9 

N 

40.2 

E                  48.5 

E 

48.3 

P 

88.4 

1        N                  42.8 
1        J?                   41.7 

N 

44.4 

F 

35.3 

B 

40.6 

I 

34.5 

;        P                  40.3 

P 

89.8 

U 

33.9 

1         W       1          39.8 

W 

39.1 

D                  32.9 

A                  39.0 

A 

35.9 

H 

32.3 

T                  38.4 

F 

35.0 

C 

.    29.8 

F                  36.9 

0 

82.9 

% 

28.9 

U 

32.9 

T 

31.1 

27.8 

I 

31.6 

U 

30.8 

S 

24.5 

H                  30.3 

H 

30.6 

K 

20.9 

D        j          29.4 

I 

29.3 

0 

11.0 

0         !           28.6 

D 

26.4 

C                   27.6 

K                  22.6 

1          0                     19-3 

K 
C 
0 

23.5 

23.3 

22.8 

fore,  consider  but  a  few  examples  to  illustrate  the  method  of 
making  practical  use  of  the  data. 

The  use  to  which  case-hardened  steel  is  to  be  put  should  be 
the  deciding  factor  in  selecting  the  material  with  which  it  is  to 
be  carbonized,  and  also  to  a  less  extent  the  temperature  of  car- 
bonization should  be  determined  from  similar  considerations. 

Assume  that  a  plant  was  making  brake-shoes  which  required 
tremendous  resistance  to  wear  and  but  slight  resistance  to 
shock.  The  pressure  upon  the  brake-shoe  would  likewise  be 
distributed  over  a  considerable  area  and  would  not  be  concen- 
trated in  a  point  or  on  a  line,  with  the  resulting  tendency  to 
bend  the  carbonized  surface  in  a  manner  similar  to  the  bend- 
ing of  a  beam  by  a  load  at  the  center.  Under  this  condition, 
the  main  requirements  should  be  a  surface  containing  the  maxi- 
jnum  amount  of  carbon  possible,  since  under  the  proper  subse- 

[9] 


Digitized  by 


Google 


1416 


GOHMBRGIAL    CARBONIZING-HATEBIALS. 


Table  V. — Relalive  Efficiency  of  the  Same  Volume  of  Different 

Materials  in  Depositing  a  Given  Weight  of  Carbon  at  Thre£ 

Different  Temperatures. 


1,600°  F. 

1,750°  P.                      ' 

1,900°  F. 

Material. 

Efficiency, 

Material. 

Efficiency. 

Material. 

Per  Cent. 

Per  Cent. 

Per  Cent 

F 

100.0 

F 

100.0 

^ 

100.0 

E 

99.8 

E 

92.9 

E 

96.0 

B 

89.0 

Y 

92.5 

F 

92.3 

B 

88.0 

B 

90.1 

J 

81.0 

J 

87.7 

N 

87.5 

T 

79.8 

C 

86.2 

M 

87.0 

B 

78.6 

A 

84.5 

A 

86.9 

M 

77.7 

V 

82.4 

J 

86.4 

V 

77.1 

D 

82.3 

B 

86.2 

B 

74.5 

U 

81.9 

V 

81.8 

A 

73.6 

N 

79.9 

T 

80.7 

0 

69.8 

I 

78.0 

U 

72.4 

W 

66.4 

M 

76.2 

I 

70.7 

i        H 

65.3 

H 

63.0 

C 

68.3 

P 

65.2 

P 

59.2 

D 

67.2 

i         ^ 

61.0 

K 

50.5 

H 

65.3 

1        X 

59.5 

0 

49.8 

W 

64.8 

K 

57.6 

0 

30.9 

L 

64.1 

U 

56.2 

S 

22.4 

P 

64.0 

i        ^ 

56.0 

Q 

19.3 

0 

63.3 

/ 

54.2 

K 

8 

% 

55.7 
45.0 
37.3 

1        D 

1      s 

53.3 

50.0 

49.3 

35.8 

!     « 

44.8 

36.9 

quent  treatment  this  would  give  the  best  wearing-surface. 
Consider,  for  an  example,  the  relative  efficiencies  of  materials  F 
and  K  for  this  purpose.  Assume  that  a  temperature  of  1,750° 
F.  was  to  be  used.  Both  materials  would  give  approximately 
the  same  depths  of  carbon.  However,  material  Jf,  excepting 
for  10  hr.,  gives  a  surface  carbonization  which  is  not  in  excess 
of  0.90  per  cent,  while  i^ gives  a  surface  carbonization  of  about 
1.10  per  cent.  Material  i^  would  evidently  be  far  better  than 
K,  If  the  surface  was  to  be  ground  after  hardening,  most  of 
the  high  carbon  would  be  removed  from  i^,  leaving  the  surface- 
carbon  considerable  lower.  However,  this  same  grinding  would 
remove  most  of  the  0.90  per  cent,  of  carbon  from  the  steel  car- 
bonized with  material  K,  and  in  this  case  also  material  F  would 
be  the  better. 

Assume  that  a  gear  was  to  be  case-hardened.     We  might 

[10] 
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Table  Yl.— Relative  Efficimcy  of  the  Same  Volume  of  Dif event 

Materials  in  Carbonizing  to  a  Given  Depth  at  Three 

Different  Temperatures. 


1,600*  F. 


Material. 

Efficiency, 

Per  Cent. 

E 

100.0 

B 

98.1 

a 

96.8 

Y 

96.7 

X 

96.7 

V 

96.3 

R 

96.2 

A 

95.8 

u 

F 

I 

D 

J 

M 

N 

H 

P 

0 

K 

S 

Q 

Q 


95.6 
93.5 
92.6 
92.0 
90.5 
85.9 
85.2 
83.6 
80.4 
74.6 
68.7 
36.6 
30.3 
27.8 


1.750°  F. 


Material. 


V 

X 

T 

F 

R 

Y 

J 

U 

A 

E 

N 

W 

C 

M 

B 

I 

P 

L 

D 

H 

O 

S 

K 


Efficiency. 

Per  Cent. 
100.0 
97.0 
96.6 
95.5 
95.0 
94.5 
92.5 
91.5 
90.4 
S40.4 
89.6 
88.6 
88.1 
88.1 
87.3 
83.6 
82.8 
81.5 
80.6 
77.2 
75.6 
73.5 
73.0 
65.6 
52.4 


1,900°  F. 


Material. 


Efficiency. 


V 

R 

N 

F 

E 

X 

J 

W 

M 

Y 

0 

U 

B 

A 

P 

T 

H 

I 

K 

S 

C 

L 

% 

Q 


Per  Cent. 
100.0 
96.4 
94.6 
92.0 
91.6 
90.5 
89.8 
89.8 
89.3 
89.1 
88.6 
87.1 
86.5 
84.6 
83.3 
79.6 
79.2 
79.0 
77.4 
76.2 
76.0 
74.8 
74.4 
73.8 
62.8 


here  consider  two  possible  cases :  First,  that  the  work  was  being 
done  by  a  firm  which  had  very  slight  knowledge  of  the  heat- 
treatment  necessary  to  put  the  gear  in  the  best  condition  after 
carbonization ;  and,  second,  that  the  work  was  being  done  by  a 
firm  which  had  the  necessary  knowledge.  Suppose  material 
Vwas  used  by  both  firms  and  at  a  temperature  of  1,,750°  F. 
After  the  gear  was  carbonized  and  allowed  to  cool  in  the  car- 
bonizing-pot,  the  surface  would  consist  of  hypereutectic  steel ; 
that  is,  it  would  contain  spines  or  a  net-work  of  brittle  cement- 
ite  or  iron  carbide  surrounding  the  cells  of  pearlite,  which 
contained  the  eutectic  ratio  of  carbon,  L  e.,  0.90  per  cent.  The 
firm  without  the  necessary  heat-treatment  knowledge  would 
reheat  this  gear  to  the  hardening-temperature,  which  they 
would  find  to  be  slightly  less  than  1,400°  F.  This  would  leave 
the  spines  or  net-work  of  cementite  unchanged,  and  as  a  result 

[11] 
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the  surface  would  be  traversed  by  this  extremely  brittle  mate- 
rial, which,  if  the  carbonization  were  not  deep  enough,  might 
allow  a  dangerous  deflection,  due  to  the  concentrated  load  which 
must  be  carried  by  the  carbonized  surface,  acting  in  a  manner 
similar  to  a  beam.  This  would  cause  minute  fractures  in  the 
surface,  which  would  finally  result  in  its  being  pitted  and 
chipped.  If,  however,  ther  gear  was  correctly  heat-treated,  as 
assumed  in  the  second  case,  this  cementite  would  be  broken 
up  and  distributed  throughout  the  surface  in  minute  particles, 
which  would  have  no  embrittleing  effect  upon  it,  but  would 
Act  as  particles  of  extremely  hard,  wear-resisting  material. 

In  the  case  above  assumed,  it  would  be  better  that  a  material 
similar  to  ^  or  P  be  used  in  the  first  case,  since,  by  the  use  of 
this  material,  the  outer  zone  of  brittle  cementite  would  not  be 
formed,  and  although  the  surface  would  not  be  as  hard,  dae  to 
the  absence  of  free  cementite,  still  the  tendency  towards  britfle- 
ness  would  be  eliminated. 

It  will  be  noted  in  Table  II.  that  material  Q  stands  near  the 
top  as  regards  the  efficiency  of  cost,  being  the  most  eflicient  of 
all  the  materials  at  1,900°  F. 

An  examination  of  Table  XXIIL  shows  that  at  1,600**  no 
0.90  per  cent,  carbon  is  produced ;  therefore,  steel  carbonized 
with  this  material  at  this  temperature  could  not  be  hardened  suf- 
ficiently to  give  a  good  wearing-surface.  This  is  practically  true 
Oi  1,750°  also.  At  1,900°,  however,  considerable  0.90  per  cent 
carbon  is  produced,  and  if  this  high  temperature  was  not  objec- 
tionable, this  material  would  be  eflicient  if  nothing  else  were 
considered.  However,  upon  comparing  V^l,900  to  Q-l,900,it 
is  seen  that  F  will  deposit  a  much  greater  amount  and  also  a 
greater  depth  of  carbon  than  Q  in  the  same  length  of  time,  and 
will  give  also  a  much  deeper  zone  of  eutectic  and  hypereutectic 
carbon.  It  is  evident,  then,  that,  considering  the  cost  due  to 
the  longer  time  necessarily  required  by  Q  to  give  the  same 
depth  of  carbon,  it  would  probably  be  considerably  less  eflicient 
from  a  practical  standpoint. 

The  question  of  carbonizing-material  is  one  which  usually  is 
not  given  the  attention  which  its  importance  demands. 

A  few  sample  tests  conducted  under  intelligent  direction  will 
often  result  not  only  in  a  great  saving  of  money,  but  in  increased 
-efliciency  w^ith  regard  to  the  product. 
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Table  Yll.— Material  "  A: 


1,600<»  F. 


3 
4 
5 
6 
7 
8 
9 
10 


g^ 


Grams. 

0.0225 

0.043 

0  0515 

0.004 

0.0645 

0.0745 

0.083 

0.0795 

0.088 

0.0845 


Depth  of  Carbon. 


Percent  I 
0.90 
0.92 
0.95 
0.95 
0.95 
0.95 
0,98 
1.00 
0.95 
1.00 


Inches. 
0.0000 
0.0048 
0.0048 
0.0060 
0.0072 
0.0072 
0.0072 
0.0096 
0.0072 
0.0084 


0.90 
Per  Cent. 


Inches. 
0.0048 
0.0072 
0.0060 
0.0060 
0.0120 
0.0060 
0.0120 
0.0072 
0.0120 
0.0120 


0.90 

0.50 

to  0.50 

to  0.20 

Total. 

Per  Cent. 

Per  Cent. 

Inches. 

Inches. 

Inches. 

0.0012 

0.0024 

0.0084 

0.0060 

0.0048 

0.0228 

0.0048 

0.0048 

0.0204 

0.0120 

0.0072 

0.0312 

0.0168 

0.0024 

0.0384 

0.0120 

0.0084 

0.0336 

0.0108 

0.0120 

0.0420 

0.0168 

0.1024 

0.0360 

0.0180 

0.0084 

0.0456 

0.0180 

0.0096 

0.0480 

1,750**  F. 


1 

0.0355  1 

0.92 

0.0036 

0.0036 

0.0060 

0.0048 

0.0180 

2 

0.0585 

1.00 

0.0084 

0.0096 

0.0060 

0.0072 

0.0312 

3 

0.072     1 

1.00 

0.0072 

0.0096 

0.0120 

0.0048 

0.0336 

4 

0.0955  ! 

1.00 

0.0156 

0.0084 

0.0180 

0.0084 

0.0504 

5 

0.114 

1.05 

0.0192 

0.0156 

0.0144 

0.0132 

0.0624 

6 

0.1215 

1.10 

0.0180 

0,0132 

0.0240 

0.0060 

0.0612 

7 

0.143 

1.15 

0.0204 

0.0180 

0.0192 

0.0108 

0.0684 

8 

0.1395 

0.95 

0.0084 

0.0800 

0.0300 

0.0072 

0.0756 

9 

0.148 

1.25 

0.0204 

0.0144 

0.0288 

0.0060 

0.0696 

10 

0.1475 

J 

1.00 

0.0144 

0.0264 

0.0288 

0.0180 

0.0876 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 


Ist  10 
2d  10 
3d  10 
4th  10 


0.063 

0.082 

0.059 

0.128 

0.1485 

0.1495 

0.191 

0.2045 

0.223 

0.236 


0.1475 
0.1540 
0.1130 
0.097 


1,900«»  F. 


0.0132 
0.0144 
0.0252 
0.0522 
0.0312 
0,0228 
0.0492 
0.0o64 
0.0456 
0.0420 


0.0120 
0.0132 
0.0192 
0.0348 
0.0252 
0.0252 
0.0444 
0.0336 
0.0492 
0.0588 


0.0036 
0.0132 
0.0144 
0.0156 
0.0216 
0.0096 
0.0168 
0.0216 
0.0192 
0.0120 


Repeated  Use  at  1,750°  F. 


1.00 
1.00 
0.95 
0.90 


0.0144 
0.0204 
0.0072 


0.0264 

0.0288 

0,0192 

0.0360 

0.0168 

0.0240 

0.0252 

0.0312 

0.0180 
0.0132 
0.0192 
0,0132 


0.0288 
0.0408 
0.0588 
0.0756 
0.0876 
0.0804 
0.1104 
0.1368 
0.1356 
0.1392 


0.0876 
0.0888 
0.0672 
0.0696; 
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Table  YIU.— Material  "  J5." 


1,600**  F. 


a 

«i 

9 

O 

g'S 

w 

§^ 

Grams. 

1 

0.021 

2 

0.0395 

3 

0.0505 

4 

0.0575 

5 

0.0625 

6 

0.069 

7 

0.074 

8 

0.078 

9 

0.0825  1 

10 

0.087     ' 

Depth  of  Carbon. 


1 
2 
3 
4 
6 
6 
7 
8 
9 
10 


Pe?'cent.  !  ^^'  ^ent. 


0.90 

to  0.50 

Per  Cent. 


Per  Cent. 
0.90 
0.90 
0.93 
0.95 
0.90 
1.05 
0.92 
0.93 
0.93 
0.93 


0.50 

to  0.20 

Per  Cent. 


TotAl. 


Inches. 


Inches. 
0.0048 
0.0060 


!    0.0054 

0.0048 

0.0072 

0.0072 

0.0120 

o.oosi 

0.0036 

0.0048 

0.0120 

0.0060 

0.0108    . 

0.0060 

0.0120 

0.0054    1 

0.0204 

Inches. 
0.0024 
0.0060 
0.0120 
0.0096 
0.0180 
0.0180 
0.0180 
0.0180 
0.0180 
0.0240 


Inches. 
0.0024 
0.0060 
0.0012 
0.0084 
0.0048 
0.0084 
0.0060 
0.0024 
0.0120 
0.0018 


Inches. 
0.0096 
0.0180 
0.0234 
0.0324 
0.0348 
0.03A4 
0.0408 
0.0372 
0.0480 
0.0516 


1,750°  F. 


1 

0.036     i 

0.0545 

0.068 

0.90 
0.90 
0.95 

odd 

0.0108 

2 

0.0096 

3 

0.0084 

0.0168 

4 

0.0805 

0.95 

0.0120 

0.0072 

0.0132 

5 

0.1125  1 

1.16 

0.0132 

0.0168 

0.0144 

6 

0.123    ; 

1.10 

0.0156 

0.0168 

0.0192 

7 

0.135 

1.00 

0.0192 

0.0216 

0.0120 

8 

0.143 

1.10 

0.0192 

0.0216 

0.0288 

9 

0.1535 

1.16 

0.0228 

0.0156    , 

0.0252 

10 

0.162 

1.10 

0.0216 

0.0240    1 

1 

0.0264 

0.0096 
0.0084 
0.0048 
0.0072 
0.0072 
0.0084 
0.0072 
0.0060 
0.0132 
0.0120 


1,900°  F. 


0.058 
0.086 
0.109 
0.124 
0.144 
0.155 
0.185 
0.199 
0.216 
0.228 


0.90 
1.00 
0.90 
0.95 
0.93 
1.00 
1.10 
1.10 
1.00 
1.00 


0.0060 

a'6o48 

0.0096 
0.0204 
0.0108 
0.0240 
0.0156 
0.0223 


0.0108 
0.0156 
0.0300 
0.0336 
0.0384 
0.0252 
0.0420 
0.0300 
0.0480 
0.0384 


0.0192 
0.0168 
0.0204 
0.0264 
0.0228 
0.0288 
0.0420 
0.0504 
0.0432 
0.0420 


0.0084 
0.0108 
0.0084 
0.0168 
0.0060 
0.0228 
0.0168 
0.0168 
0.0312 
0.0372 


Repeated  Ufie  at  1,750°  F. 


Ist  10 

2d  10 

3d  10 

4th  10 


0.162 
0.120 
0.109 
0.109 


1.10 
0.95 
0.90 
0.95 


0.0240 
0.0276 
0.0396 
0.0396 
0.0516 
O.O6G0 
0.0600 
0.0756 
0.0768 
0.0840 


0.0384 
0.0492 
0.0588 
0.0816 
0.0768 
0.0972 
0.1116 
0.1212 
0.1380 
0.1404 


0.0216 
0.0108 

0.0240 
0.0240 
0.0216 
0.0204 

PPPP 
o^o»S 

0.0120 
0.0192 
,0.0120 
10.0166 

0.0840 
0.0816 
0.0660 

0.0060 

0.0780 
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Table  IX.— Material  "C 


l,600«  F. 


a 

^ 

Depth  of  Carbon. 

Si 

^2 

o 

p^ 

Over 
0.90 

0.90 
Per  Cent. 

1         0.90 
to  0.60 

0.50 
to  0.20 

Total 

tH 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Grams. 

Per  Cent. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

1 

0.022 
0.030 
0.0496 

0.90 
0.90 
0.93 

0.0048 
0.0048 
0.0048 

0.0036 

1    0.0060 

0.0120 

0.0012 
0.0036 
0.0012 

0.0096 

2 

0.0144 

3 

0.0060 

0.0240 

4 

0.058 

1.00 

0.0072 

0.0048 

0.0120 

0.0048 

0.0288 

5 

0.064 

].00 

0.0060 

0.0072 

0.0144 

0.0060 

0.0336 

6 

0.0696 

0.96 

0.0060 

0.0120 

0.0180 

0.0060 

0.0420 

7 

0.0765 

1.00 

0.0072 

0.0096 

0.0180 

0.0096 

0.0444 

8 

0.0735 

0.95     1 

0.0060 

0.0144 

0.0120 

0.0072 

0.0396 

9 

0.083 

1.00    1 

0.0096 

0.0048 

0.0240 

0.0108 

0.0492 

10 

0.0846 

0.96     ' 

0.C060    1 

0.0144 

0.0120 

0.0120 

0.0444 

1,760^  F. 


1 

0.0385 

0.90 

2 

0.0695 

0.92 

3 

0.070 

0.95 

4 

0.086 

1.05 

5 

0.1046 

1.16 

6 

0.116 

0.92 

7 

0.085 

0.80 

8 

0.0875 

0.00 

9 

0.113 

0.80 

10 

0.087 

0.20 

0.0072 
0.0084 
0.0096 
0.0132 
0.0084 


0.0084 
0.0084 
0.0108 
0.0120 
0.0204 
0.0228 

6'.'6264 


0.0048 
0.0108 
0.0156 
0.0180 
0.0180 
0.0204 
0.0552 
0.0324 
0.0660 
0.0636 


0.0048 
0.0024 
0.0084 
0.0048 
0.0024 
0.0180 
0.0072 
0.0072 
0.0192 
0.0084 


0.0180 
0.0288 
0.0432 
0.0444 
0.0540 
0.0696 
0.0624 
0.0660 
0.0852 
0.0720 


1,900°  F. 


1 
2 
3 
4 
6 
6 
7 
8 
9 
10 


0.051 

0.072 

0.071 

0.103 

0.1176 

0.113 

0.139 

0.119 

0.099 

0.126 

0.90 

0.0108 
0.0156 
0.0132 
0.0262 
0.0228 
0.0264 
0.0276 
0.0408 

0.90 
0.95 
0.90 
0.90 
0.90 
1.00 
0.00 

0.0084 

0.0144 

0.20 
0.00 

0.0240 
0.0262 
0.0264 
0.0264 
0.0408 
0.0420 
0.0288 
0.0444 
0.0576 
0.0852 


0.0048 
0.0144 
0.0096 
0,0262 
0.0144 
0.0276 
0.0144 
0.0312 
0.0240 
0.0312 


0.0396 
0.0552 
0.0576 
0.0768 
0.0780 
0.0960 
0.0852 
0.1164 
0.0816 
0.1164 


Repeated  use  at  1,760°  F. 
The  material  would  not  carbonize  after  the  first  ten-hour  heat 
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1,600°  F. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Qrams. 

0.023 

0.0295 

0.056 

0.0525 

0.059 

0.0875 

0.067 

0.077 

0.061 

0.068 


II 


Per  Cent. 
0.90 
0.80 
1.00 
0.95 
0.93 
0.95 
0.90 
0.90 
0.70 
0.90 


6 
7 
8 
9 
10 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


0.051 
0.073 
0.080 
0.112 
0.170 
0.125 
0.090 
0.109 
0.160 
0.105 


Depth  of  Carbon. 


Over 

0.90 

Per  Cent. 


Inches. 


0.0060 
0.0060 
0.0072 
0.0060 


0.90 
Per  Cent. 


Inches. 
0.0048 

ao624 

0.0072 
0.0060 
0.0108 
0.0144 
0.0156 

aoiii' 


0.90 

to  0.50 

Per  Cent. 


0.50 

to  0.20 

Per  Cent. 


Inches. 
0.0024 
0.0096 
0.0084 
0.0120 
0.0120 
0.0120 
0.0240 
0.0180 
0.0300 
0.0240 


Inches. 
0.0024 
0.0056 
0.0024 
0.0024 
0.0060 
0.0084 
0.0060 
0.0084 
0.0132 
0.0072 


1,750<>  F. 


0.036 
0.0555 

0.90 
0.95 

0.0072 

0.0695 

1.10 

0.0096 

0.0865 

1.15 

0.0132 

0.1065 

1.10 

0.0120 

0.113 

1.10 

0.0192 

0.1115 
0.099 
0.077 
0.078 

0.90 
0.80 
0.00 
0.00 

0.0060 
0.0060 
0.0108 
0.0120 
0.0156 
0.0168 
0.0300 


0.0060 
0.0096 
0.0096 
0.0168 
0.0168 
0.0240 
0.0240 
0.0660 
0.0540 
0.0360 


0.0060 
0.0048 
0.0060 
00060 
0.0060 
0.0084 
0.0060 
0.0072 
0.0108 
0.0144 


1,900°  F. 


Total. 


0.90 
0.90 
0.90 
0.90 
0.90 
0.95 
0.70 
0.20 
0.90 
0.20 


0.0096 


I 


0.0108 
0.0120 
0.0264 
0.0480 
0.0288 
0.0240 


0.00576 


0.0144 
0.0264 
0.0180 
0.0108 
0.0408 
0.0396 
0.0840 
0.0648 
0.0360 


0.0072    ' 

0.0132 

0.0144 

0.0156 

0.0132 

0.0252 

0.0204 

0.0168 

0.0180 

0.0840 


Repeated  Use  at  1,750°  F. 


2d  10        0.016 


0.20 


'II. 
This  material  would  not  carbonize  after  this  heat 


slight 


Inches. 
0.0096 
0.0132 
0.0192 
0.0276 
0.0312 
0.0372 
0.0444 
0.0420 
0.0432 
0.0456 


0.0180 
0.0276 
0.0360 
0.0480 
0.0504 
0.0684 
0.0600 
0.0732 
0.0648 
0.0504 


0.0324 
0.0516 
0.0588 
0.0744 
0.0828 
0.0984 
0.1044 
0.0816 
0.1116 
0.0840 
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Table  XL.—Matmal  "  K' 


1,600°  F. 

a 

Depth  of  Carbon. 

E 

o*i 

o 

2*55 

Over 

0.90 
Per  Cent. 

Inches. 

0.90 

0.50 

ts 

fl^ 

O.HO 

too.ao 

to  0.20 

Total. 

»5 
Grams, 

Per  Cent. 
Inches. 

Per  Cent. 
Inches. 

Per  Cent. 

Per  Cent. 

Inches. 

Inches. 

1 

0.027 
0.039 
0.059 
0.065 

0.90 
0.90 
0.90 
0.93 

0.0048 
0.0060 
0.0072 
0.0060 

0.0048 
0.0060 
0.0060 
0.0096 

0.0012 
0.0036 
0.0012 
0.0048 

0.0108 

2 

0.0156 

3 

0.0144 

4 

b'om 

0.0264 

5 

0.070 

0.92 

0.0048 

0.0108 

0.0120 

0.0084 

0.0360 

6 

0.082 

0.95 

0.0120 

0.0072 

0.0240 

0.0072 

0.0504 

7 

0.096 

0.95 

0.0072 

0.0084 

0.0192 

0.0060 

0.0408 

8 

0.084 

1.00 

0.0084 

0.0108 

0.0180 

0.0060 

0.0432 

9 

0.072 

1.20 

0.0132 

0.0072 

0.0240 

0.0024 

0.0468 

10 

0.110 

0.90 

0.0192 

0.0240 

0.0132 

0.0564 

1,750°  F. 

1 

0.042 

0.92 

0.0048 

0.0072 

0.0060 

0.0060 

0.0240 

2 

0.072 

1.05 

0.0120 

0.0060 

0.0072 

0.0060 

0.0312 

3 

0.088 

1.00 

0.0120 

0.0096 

0.0168 

0.0048 

0.0432 

4 

0.098 

1.05 

0.0144 

0.0168 

0.0060 

0.0048 

0.0420 

5 

0.094 

1.10 

0.0108 

0.0120 

0.0108 

0.0084 

0.0420 

6 

0.138 

1.15 

0.0228 

0.0168 

0.0180 

0.0072 

0.0648 

7 

0.144 

1.15 

0.0216 

0.0168 

0.0204 

0.0096 

0.0684 

8 

0.146 

1.15 

0.0228 

0.0192 

0.0216 

0.0132 

0.0768 

9 

0.170 

1.20 

0.0204 

0.0300 

0.0228 

0.0096 

0.0828 

10 

0.158. 

1.20 

0.0276 

0.0204 

0.0300 

0.0048 

0.0828 

1,900°  F. 


1 

0.093 

1.10 

0.0132 

0.0132 

0.0048 

0.0060 

0.0372 

2 

0.124 

1.15 

0.0180 

0.0156 

0.0156 

0.0108 

0.0600 

3 

0.166 

1.10 

0.0276 

0.0132 

0.0240 

0.0048 

0.0696 

4 

0.173 

1.15 

0.0276 

0.0240 

0.0276 

0.0084 

0.0876 

5 

0.198 

1.20  • 

0.0300 

0.0240 

0.0360 

0.0096 

0.0996 

6 

0.227 

1.25 

0.0408 

0.0216 

0.0288 

0.0136 

0.1068 

7 

0.212 

l.lo 

0.0408 

0.0252 

0.0336 

0.0168 

0.1164 

8 

0.211 

1.20 

0.0372 

0.0240 

0.0324 

0.0072 

0.1008 

9 

0.268 

1.26 

0.0396 

0.0480 

0.0420 

0.0120 

0.1416 

10 

0.274 

1.20 

0.0420 

0.0444 

0.0420 

0.0192 

0.1476 

Repeated  Use  at  1,760° 


Ist  10 

0.158 

1.20 

0.0276 

0.0204 

0.0300 

0.004S 

0.0828 

2d  10 

0.136 

1.10 

0.0168 

0.0204 

0.0216 

0.0144 

0.0732 

3d  10 

0.087 

0.95 

0.0144 

0.0168 

0.0240 

0.0120 

0.0672 

4th  10 

0.121 

0.95 

0.0108 

0.0264 

0.0180 

0.0096 

0.0648 
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Table  XII.— Material  "i^." 


§ 

n 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 


a  60 


Grams. 

0.020 

0.040 

0.050 

0.070 

0.077 

0.082 

0.088 

0.083 

0.088 

0.108 


1,600*^  F. 


Depth  of  Carbon. 


Over 

0.90 

Per  Cent. 


Inches. 


0.0072 
0.0066 
0.0072 
0.0084 
0.0084 
0.0120 


0.90 
Per  Cent. 


InohcB. 
0.0036 
0.0072 
0.0060 
0.0108 
0.0(»24 
0.0036 
0.0192 
0.0060 
0.0144 
0.0132 


0.90 

to  0.50 

Per  Cent. 


Inhes. 

0.0048 

0.0060 

0.0060 

0.0168 

0.0168 

0.0144 

0.0060 

0.0180 

0.0180 

0.0240 


0.50 

to  0.20 

Per  Cent. 


Inches. 
0.0024 
0.0024 
0.0048 
0.0012 
0.0072 
0.0096 
0.0048 
0.0072 
0.0036 
0.0084 


Total. 


Inches. 
0.0108 
0.0156 
0.0168 
0.0288 
0.<336 
0.0342 
0.0372 
0.0396 
0.0444 
0.0576 


],750*»F. 


0.040 
0.070 
0.079 


4 

0.101 

5 

0.101 

6 

0.138 

7 

0.169 

8 

O.lfiG 

9 

0.180 

10 

0.194 

1.00 
1.10 
1.10 
1.00 
1.20 
1.05 
1.10 
1.06 
1.05 
1.20 


0.0108 
0.0084 
0.0120 
0.0156 
0.0168 
0.0216 
0.0240 
0.0252 
0.0312 
0.0264 


0.0120 

0.0036 

0.0096 

0.0060 

0.0108 

0.0120 

0.0108 

(».0156 

0.0108 

0.0180 

0.0240 

0.0144 

0.0180 

0.0240 

0.0348 

0.0(.96 

0.0180 

0.0240 

0.0264 

0.0240 

0.0024 
0.0072 
0.0048 
0.0084 
0.0084 
0.0060 
0.0096 
0.0036 
0.(1084 
0.0120 


1,900*»  F. 


0.0288 
0.0:n2 
0.0396 
0.0504 
0.0540 
0.0660 
0.0756 
0.0732 
0.0816 
0.088S 


l8t  10 
2d  10 
3d  10 
4ih  10 


0.0084 
0.0132 
0.0180 
0.0240 
0.0240 
0.0336 
0.0384 
0.0396 
0.0420 
0.0612 


0108 
0180 
0192 
0288 
0300 
0288 
0180 
0288 
0420 
0264 


0.0144 

0.0072 

0.0204 

0.0144 

0.0180 

0.0168 

0.0228 

0.0168 

0.0800 

0.0180 

0.0240 

0.0156 

0.0360 

0.0108 

0.0288 

0.0192 

0.0300 

0.0144 

0.0420 

0.0192 

0.0408 
0.0660 
0.0720 
0.0924 
0.1020 
0.1020 
0.1032 
0.1164 
0.1284 
0.1488 


Repeated  Use  at  1,750°. 


0.194     ! 

1.20 

0.0264 

0.0264 

0.0240 

0.0120 

0.167 

1.10 

0.0264 

0.0240 

0.0300 

0.0060 

0.053 

1.10 

0.0276 

0.0180 

0.0240 

0.0192 

0.063 

1.10 

0.0288 

0.0144 

0.0372 

0.0132 

0.0888 
0.0864 
0.0888 
0.0936 


[20] 


Digitized  by 


Google 


COMMERCIAL    CARBONIZING-MATBRIALS. 


1427 


e    3-4     s    G    -r    B   &  to 

TIME   IN   HOURS 


TIME   IN   HOURS 


■- rn — i— r-  r  "T-x-i — |— I 


i^a*^    8  9    7    a   9    to 

TIME  IN  HOURS 


F-i« 


TIME   IN   HOURS 


^•^^•^      88     to 
.TIME  IN   HOURS 


[21] 


Digitized  by 


Google 


1428  COMMERCIAL   CARBONIZING-MATERIALS. 

Table  XIIL— Material  "  G.''      ^ 


1 

2 

3 
4 

5 
6 
7 
8 
9 
10 


1,600°  F. 


Grams. 

1 

0.0035 

2 

0.0070 

3 

1  0.0086 

4 

'  0.0085 

6 

0.0145 

6 

0.0225 

7 

i  0.0185 

8 

1  0.031 

9 

0.031 

10 

0.073 

Percent.'    Inches.         Inches.     I    Inches. 

No  noticeable  increase  in  carbon. 

No  noticeable  increase  in  carbon. 

No  noticeable  increase  in  carbon. 

No  noticeable  increase  in  carbon. 
0.30 
0.80 


0.70 
0.70 
0.60 


0.0060 

o'.oiso 

0.0240 
0.0084 


0.0132 
0.0048 

aooeo* 

0.0120 
0.0108 


1,750°  F. 


0.018 

0.0275 

0.0375 

0.041 

0.036 

0.025 

0.064 

0.0605 

0.068 

0.0705 


0.50 
0.80 
0.70 
0.60 
0.70 
0.60 
0.70 
0.80 
0.70 
0.70 


0.0096 
0.0300 
0.0216 
0.0132 
0.0132 
0.0420 
0.0276 
0.0360 
0.0420 


1,900°  F. 


1 

0.022 
0.041 
0.057 
0.071 
0.080 
0.080 
0.085 
0.092 
0.095 
0.121 

0.60 
0.70 

2 

3 

0.90 
0.85 

4 

5 

0.90 
0.90 
0.90 
0.85 
0.90 
0.90 

6 

7 

8 

9 

10 

0.0084 
0.0168 
0.0168 

0.0096 

0.0168 

0.0084 

0.0276 

0.0408 
0.0528 

0.0072 

0.0168 

0.0144 

0.0048 

0.0528 

0.0264 

0.0132 

0.0360 

0.0288 

0.0576 

0.0288 

0.0084 

0.0576 

0.0192 

0.0120 

0.0624 

0.0192 

Repeated  Use  at  1,750°. 


Total. 


Inches^ 
0.0000 
0.0000 
0.0000 
0.0000 
0.0132 
0.0108 
0.0000 
0.0240 
0.0360 
0.0192 


0.0120 

0.0120 

0.0084 

0.0180 

0.0072 

0.0372 

0.0084 

0.0300 

0.0072 

0.0204 

0.0132 

0.0264 

0.0072 

0.0492 

0.0084 

0.0360 

0.0084 

0.0444 

0.0072 

0.0492 

0.0180 
0.0336 
0.0528 
0.0480 
0.0840 
0.0840 
0.0780 
0.0864 
0.0862 
0.0936 


1st  10 
2d  10 
3d  10 
4th  10 


0.0705 
0.092 
0.102 
0.089 


0.70 
0.90 
0.90 
0.90 


0.0108 
0.0300 
0.0228 


0.0420 
0.0408 
0.0288 
0.0324 


0.0072 
0.0228 
0.0156 
0.0072 


0.0492 
0.0744 
0.0744 
0.0624 
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Table  XIY.— Material  «^.' 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 


1,600''  F. 

s 

P 

I3 

Per  Cent. 
0.90 
0.90 
0.90 
0.80 
0.90 
0.90 
0.90 
0.90 
0.90 
0.90 

Over 

0.90 

Per  Cent. 

Depth  of  Carbon. 

Oflo                0.90        1        0.50 

Por'rL^t          to  0.50            to  0.20 
Per  Cent.  •  p^^  ^.^^^^      p^^  ^^^ 

Total. 

1 

Grams. 

U.014 

0.021 

0.044 

0.026 

0.035 

0.046 

0.053 

0.062 

0.071 

0.073 

Inches. 

Inches. 
0.0024 
0.0018 
0.0024 

Inches. 
0.0060 
0.0060 
0.0072 
0.0108 
0.0180 
0.0168 
0.0180 
0.0240 
0.0180 
0.0264 

Inche.s. 
0.0024 
0.0036 
0.0072 
0.0012 
0.0060 
0.0068 
0.0012 
0.0072 
0.0072 
0.0072 

Inches. 
0.0108 

2 

0.0114 

3 

0.0168 

4 

O.OlvO 

5 

0.0024 
0.0108 
0.0120 
0.0120 
0.0156 
0.0144 

0.0264 

6 

0.0444 

7 

0.0312 

8 

0.0432 

9 

0.0408 

10 



0.0480 

0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
1.05 
1.00 
1.10 

1,750°  F. 

0.0072 
0.0108 
0.0156 
0.0168 
0.0204 
0.0216 
0.0216 
0.0168 
0.0312 
0.0240 

1 

0.023 
0.038 
0.057 
0.069 
0.071 
0.078 
0.099 
0.112 
0.126 
0.136 

0.0036 
0.0084 

0.0048 
0.0072 
0.0084 
0.0072 
0.0036 
0.0072 
0.0120 
0.00S4 
0.0048 
0.0072 

0.0156 

2 

0  0264 

3 

0.0144 
0.0132 
0.0166 
0.0166 
0.0288 
0.0288 
0.0204 
0.0228 

0.0384 

4 

0.0372 

5 
6 

0.0396 
0.0444 

7 

0.0624 

8 

9 

10 

0.0120 
0.0180 
0.0180 

0.0660 
0.0744 
0.0720 

1,900°  C. 

0.042 
0.073 
0.096 
0.116 
0.136 
0.146 
0.159 
0.167 
0.174 
0.209 

0.90 
0.90 
0.90 
0.90 
0.93 
1.00 
0.95 
0.95 
0.90 
O.i'2 

0  0048 

0.0240 

0.0252 

0.0384    1 

0.0084 
0.0180 
0.0192 
0.0276 

0.0252    ' 

0.0264 

0.0288 

0.0240  ; 

0.0444 



0.0132 

0.0480    ! 

0.0204 
0.0180 
0.0168 
0.0300 
0.0336 
0.0300 
0.0396 
0.0360 
0.0348 
0.0552 


0.0036 
0.0156 
0.0084 
0.0072 
0.0204 
0.0228 
0.0156 
0.0084 
0.0228 
0.0216 


0  0288 
0.0576 
0.0604 
0.0756 
0.0876 
0.0972 
0.1032 
0.0960 
0.1020 
0.1380 


Repeated  Use  at  1,750\ 


1st  10 

2d  10 

3d  10 

4th  10 


0.136 
0.040 
0.092 
0.084 

1.10 
0.60 
0.90 
0.90 

0.0180'  ; 
i 

0.0228 

6!0264* 
0.0324 


0.0240 
0.0348 
0.0288 
0.0240 


0.0072  0.0720 

0.0132  I      0.0480 

0.0132  I     0.0684 

0.0084  0.0648 
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1,600*>  F. 


c 

i 

1^ 

u 

s 

t-i 

55 

Grams. 

Percent 

1 

0.022 

0.90 

2 

0.036 

0.90 

3 

0.041 

0.90 

4 

0.041 

0.90 

5 

0.047 

1.00 

6 

0.062 

0.90 

7 

0.072 

0.95 

8 

0.077 

1.00 

9 

0.058 

0.75 

10 

0.095 

1.05    i 

Depth  of  Carbon. 


Over 

0.90 

Per  Cent. 


Per"c2nt.  ^  p  ^'^0^. 


Inches. 


0.0024 
0.0120 
0.0072 
0.0108 


Inches. 
0.0036 
0.0072 
0.0120 
0.0096 
0.0060 
0.0120 
0.0096 
0.0036 


0.0120        0.0108 


Inches. 
0.0048 
0.0060 
0.0060 
0.0048 
0.0096 
0.0180 
0.0144 
0.0180 
0.0444 
0.0216 


050 

to  0.20 

'er  Cent. 

Inches. 
0.0012 
0.0036 
0.0060 
0.0048 
0.0048 
0.0012 
0.0072 
0.0036 
0.0072 
0.0072 


1,750°  F. 


Total. 


Inches. 
0.0096 
0,0192 
0.0240 
0.0192 
0.0228 
0.0432 
0.0384 
0.0360 
0.0516 
0.0516 


8 

4 
5 
6 
7 
8 
9 
10 


0.039 

0.90 

0.063 

1.10 

0.078 

1.15 

0.083 

1.10 

0.096 

1.00 

0.096 

1.10 

0.083 

0.92 

0.126 

1.15 

0.130 

0.90 

0.082 

0.00 

0.0084 
0.0096 
0.0108 
0.0132 
0.0084 
0.0084 
0.0240 


0.0096 
0.0034 
0.0180 
0.0180 
0.0156 
0.0204 
0.0156 
0.0180 
0.0420 


0.0060 
0.0096 
0.0  lOS 
0.0096 
0.0168 
0.0156 
0.0240 
0.0180 
0.0300 
0.0480 


0.0024 
0.0060 
0.0072 
0.0060 
0.0108 
0.0084 
0.0060 
0.0084 
0.0120 
0.0120 


0.0180 
0.0324 
0.0456 
0.0444 
0.0564 
0.0528 
0.0540 
0.0684 
0.0840 
0.0600 


1,900°  F. 


1 

0.053 
0.078 
O.lOl 
0.118 
0.139 
0.147 
0.155 
0.099 
0.096 
0.107 

0.90 
0.90 
0.90 
0.90 
0.95 
0.93 
0.90 
0.20 
0.00 
0.20 

0.0096 
0.0192 
0.0180 
0.0228 
0.0228 
0.0324 
0.0432 

2 

3 

4 

5 

6 
7 

0.0144 
0.0084 

8 

9- 

0 

0.0204 
0.0216 
0.0288 
0.0408 
0.0360 
0.0360 
0.0492 
0.0900 
0.0780 
0.0948 


0.0072 
0.0072 
0.0072 
0.0192 
0.0144 
0.0240 
0.0060 
0.0084 
0.0252 
0.0288 


Repeated  Use  at  1,750°  F. 
This  material  would  not  carbonize  after  this  heat. 


0.0372 
0.0480 
0.0540 
0.0828 
0.0876 
0.1008 
0.0984 
0.0984 
0.1032 
0.1236 
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Table  XYl,— Material  "  J.' 


1 

2 
3 
4 

5 
6 
7 
8 
9 
10 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1st  10 

2d  10 

3d  10 

4th  10 

1,600°  F. 


•^♦i 

«  d 

1^ 

Si 

►^ 

Grams. 

Percent 

0.025 

0.90 

0.038 

0.92 

0.048 

0.90 

0.049 

0.90 

0.054 

0.96 

0.067 

0.95 

0.076 

0.95 

0.083 

1.00 

0.088 

1.00 

0.091 

1.10 

Depth  of  Carbon. 


Over 

0.90 

Per  Cent. 


Inches. 

aocHis 


0.0024 
0.0060 
0.0072 
0.0084 
0.0084 
0.0084 


0.90 
Per  Cent 


Inches. 
0.0060 
0.0036 
0.0096 
0.0108 
0.0060 
0.0096 
0.0096 
0.0084 
0.0096 
0.0180 


0.90       0.50 

to  0.50     to  0.20 

Per  Cent.  Per  Cent 


Inches. 
0.0036 
0.0084 
0.0072 
0.0060 
0.0120 
0.0120 
0.0120 
0.0180 
0.0216 
0.0228 


Inches. 

0.0024 

0.0012 

0.0048 

0.0072 

0.0060 

0.0048 

0.0060 

0.0072  I 

0.0048 

0.0036  ' 


1,750°  F. 


0.041 

0.90 

0.067 

1.15 

0.0084 

0.085 

1.20 

0.0120 

0.098 

1.15 

0.0180 

0.106 

1.15 

0.0168 

0.105 

1.15 

0.0168 

0.105 

1.00 

0.0132 

0.143 

1.20 

0.0240 

0.157 

1.20 

0.0228 

0.162 

1.05 

0.0264 

0.0096 

0.0084 

0.0072 

0.0168 

0.0108 

0.0156 

0.0120 

0.0120 

0.0108 

0.0108 

0.0120 

0.0180 

0.0168 

0.0240 

0.0240 

0.0360 

0.0216 

0.0300 

0.0312 

O.OIOS 

1,900°  F. 


0.067 

1.00 

0.0072 

0.0168  • 

0.097 

1.00 

0.0108 

0.0132 

0.128 

1.10 

0.0192 

0.0216 

0.160 

1.00 

0.0156 

0.0312 

0.173 

1.00 

0.0180 

0.02^^8 

0.187 

1.10 

0.0264 

0.0276 

0.198 

1.00 

0.0192 

0.0444 

0.^03 

1.20 

0.0312 

0.0432 

0.213 

1.10 

0.0240 

0.0312 

0.210 

1.15 

0.0276 

0.0384 

0.0096 
0.0276 
0.0216 
0.02h8 
0.0324 
0.0360 
0.0408 
0  0264 
0.0528 
0.0348 


0.0012 
0.0024 
0.0060 
0.0060 
0.0120 
0.0120 
0.0072 
0.0084 
0.0084 
0.0156 


0.0096 
0.0096 
0.0120 
0.0204 
0.0180 
0.0192 
0.0084 
0.0084 
0.0182 
0.0228 


Total. 


Inches. 
0.0120 
0.0180 
0.0216 
0.0240 
0.0164 
0.0324 
0.0348 
0.0420 
0.0444 
0.0528 


0.0192 
0.0348 
0.0444 
0.0480 
0.0504 
0.0588 
0.0612 
0.0924 
0.0828 
0.0840 


0.0432 
0.0612 
0.0744 
0.0960 
0.0972 
0.1092 
0.1128 
0.1092 
0.1212 
0.1236 


Repeated  Use  at  1,750='. 


0  162 

1.05 

0.128 

1.00 

0.120 

0.90 

0.097 

0.90 

0.0264 
0.0168 


0.0312 
0.0180 
0.0360 
0.0228 


0.0108 
0.0264 
0.0288 
0.0384 


0.0156 
0.0132 
0.0108 
0.0096 


0.0840 
0.0744 
0.0756 
0.0708 
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8 
9 
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l8t  10 

2d  10 

3d  10 

4th  10 


COMMERCIAL   CARBONIZING-MATERIALS. 

Table  XVll.— Maternal  "  K,'' 

1,600*>  F. 


d  be 


Grams. 

0.0115 

0.0205 

0.0235 

0.026 

0.0325 

0.021 

0.0425 

0.057 

0.0585 

0.0635 


I 


oo3 


Percent. 
0.80 
0.90 
0.80 
0.90 
0.90 
0.60 
0.70 
0.80 
0.90 
0.90 


Depth  of  Carbon. 


Over 

0.90 
Per  Cent. 


0.90 
Per  Cent. 


Inches. 


lucbeB. 

0*.06l2 

*0.06T2 
0.0036 


0.0144 
0.0120 


0.90        I        0  50 

to  0.50      '      to  0  20 

Per  Cent.  I  Per  Cent. 


Total. 


Inches. 

Inches. 

0.0060 

0.0012 

0.0060 

0.0018 

0.0108 

0.0060 

0.0120 

0.0060 

0.0180 

0.0060 

0.0096 

0.0084 

0.0144 

0.0120 

0.0204 

0.0036 

0.0204 

0  0048 

0.0240 

0.0072 

Inches. 
0.0072 
0.0120 
0.0168 
0.0192 
0.0276 
0.0180 
0.0264 
0.0240 
0.0396 
0.0432 


1,750°  F. 


1 

0.023 
0.038 

o.a5i 

0.0615 

0.067 

0.0705 

0.072 

0.075 

0.109 

0.122 

0.70        

0.0108 

0.0120 

0.0216    ■ 

0.0192 

0.0180 

0.0192 

0,0288    ' 

0.0228 

0.0300 

0.0360 

0.0024 
0.0060 
0.0060 
0.0072 
0.0144 
0.0072 
0.0012 
0.0084 
0.0132 
0.0160 

0.0132 

2 

0.90        

0.0084 
0.0084 
0.0120 
0.0120 
0.0180 
0.0180 
0.0192 
0.0288 
0.0228 

0.0264 

3 

0.90        

0.0360 

4 

0.90        

0.0384 

Q 

0.90        

0.0444 

6 

0.90        

0.0444 

7 

0.90        

0.0480 

8 

0.90     1    

0.0504 

9 

0.90        

0.0720 

i6 

1.00     1    0.0120 

0.0768 

1,900° 


0.038 

0.90     1 

0.063 

0.90 

0.082 

0.90 

0.100 

0.90 

0.120 

0.90    : 

0.133 

0.90    I 

0.140 

0.95 

0.157 

LOO 

0.165 

LOO 

0.164 

0.90    1 

1 

0.0132 
0.0168 
0.0144 


0.0072 
0.0144 
0.0144 
0.0192 
0.0276 
0.0300 
0.0288 
0.0204 
0.0312 
0  0480 


0.0168 
0.0228 
0.0324 
0.0396 
0.0456 
0.0408 
0.0360 
0.0516 
0.0408 
0.0480 


0.0108 
0.0192 
0.0168 
0.0072 
0.0084 
0.0192 
0.0252 
0.0108 
0.0252 
0.0144 


0.0348 
0.a564 
0.0636 
0.0660 
0.0816 
0.0900 
0,1032 
0.0996 
0.1116 
0.1104 


Repeated  Use  at  1,750°. 


0.122 
0.133 
0.046 
0.096 


LOO 
0.9o 
0.90 
0.90 


0.0120 
0.0084 


0.0228 
0.0276 
0.0108 
0.0228 


0.0360 
0.0336 
0.0300 
0.0372 


0.0060 
0.0144 
0.0096 
0.0132 


0.0768 
0.0840 
0.0504 
0.0732 
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Table  XVUl.— Material  "  i." 

(This  material  was  not  used  at  1,600^.) 


1,750°  K. 


a  . 

^ 

4* 

9 

ii!> 

o 

S-s 

» 

1^ 

tH 

Grams. 

1 

0.036 

2 

0  048 

3 

0.0686 

4 

0.0716 

6 

0.064 

6 

0.0866 

7 

0.089 

8 

0.084 

9 

0.124 

10 

0.1216 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 


Ist  10 

0.1215 

2d  10 

0.083 

3d  10 

0.060 

4th  10 

0.047 

II 


Percent. 
0.90 
0.90 
1.00 
0.90 
0.90 
0.90 
0.93 
0.96 
1.10 
0.90 


Depth  of  Carbon. 


Over 

0.90 

Per  Cent. 


Inches. 


0.0096 


0.0060 
0.0084 
0.0120 


0.90 
Per  Cent. 


0.90 

to  0.50 

Per  Cent. 


Inches. 
0.0096 
0.0060 
0.0096 
0.0120 
0.0132 
0.0276 
0.0180 
0.0180 
0.0300 
0.0240 


Inches. 
0.0096 
0.0120 
0.0144 
0.0216 
0.0240 
0.0192 
0.0240 
0.0224 
0.0300 
0.0360 


to  0.20 
Per  Cent. 


Inches. 
0.0012 
0.0060 
0.0036 
0.0084 
0.0060 
0.0060 
0.0108 
0.0072 
0.0120 
0.0144 


1,900<>  F. 


0.044 

0.70 

0.071 

0.90 

0.089 

0.90 

0.09H 

0.90 

0.122 

0.90 

0.134 

0.90 

0.129 

0.90 

0.164 

0.90 

0.163 

0.90 

0.129 

0.90 

0.0132 
0.0144 
0.0180 
0.0204 
0.0360 
0.0312 
0.0492 
0.0ort4 
0.0048 


0.0156 
0.0216 
0.0324 
0.0466 
0.0480 
0.0396 
0.0480 
0.0348 
0.0328 
0.0660 


0.0144 
0.0024 
0.0144 
0.0096 
0.0192 
0.0262 
0.0144 
0.0216 
0.0180 
0.0324 


Repeated  Use  at  1,750**. 

0.90        '  0.0240  0.0360 

0.90        I  0.0132  0.0468 

0.70        0.0324 

0.70        '  0.0360 

I 


0.0144 
0.0108 
0.0132 
0.0168 


Total. 


Inches. 
0.0204 
0.0240 
0.0372 
0.0420 
0.0482 
0.0628 
0.0588 
0.0660 
0.0840 
0.0744 


0.0300 
0.0372 
0.0612 
0.0732 
0.0876 
0.1008 
0.0936 
0.1066 
0.0972 
0.1082 


0.0744 

0708 

0.0456 

0.0528 
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Table  XIX.— Material  «Jf." 


i.eoo"  F. 


n 

si 
S5 

Grams 

Percent. 

1 

0.026 

0.90 

2 

0.038 

0.90 

3 

0.046 

0.93 

4 

0.054 

0.92 

5 

0.040 

0.90 

6 

0.032 

0.80 

7 

0.050 

0.90 

8 

0.073 

1.05 

9 

0.083 

1.00 

10 

0.089 

1.00 

Depth  of  Carbon. 


Over 

0.90 

Per  Cent. 


Inches. 


0.0060 
0.0024 


0.90 
Per  Cent. 


Inches. 
0.0060 
0.0108 
0.0060 
0.0084 
0.0060 


0.0108 

0.0084  I  0.0084 

0.0108  '  0.0084 

0.0096  0.0156 


0.90 

0.50 

to  0.50 

to  0.20 

Per  Cent. 

Percent. 

Inches. 

Inches. 

0.0060 

0.0012 

0.0060 

0.0012 

0.0060 

0.0036 

0.0060 

0.0072 

0.0120 

0.0072 

0.0180 

0.0072 

0.0096 

0.0072 

0.0168 

0.0084 

0.0240 

0.0012 

0.0240 

0.0084 

Total. 


Inches. 
0.0132 
0.0180 
0.0216 
0.0240 
0.0252 
0.0252 
0.0276 
0.0420 
0.0444 
0.0576 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


IfltlO 

2d  10 

3d  10 

4th  10 


0.037 
0.067 
0.088 
0.106 
0.112 
0.122 
0.121 
0.125 
0.124 
0.174 


1,750''  F. 

0.90 

0.0084 
0.0096 

0.0072 
0.0096 

0.0060 
0.0048 

0.0216 

0.95 

0.0072 

0.0312 

1.10 

0.0144 

0.0108 

0.0144 

0.0072 

0.0468 

1.05 

0.0180 

0.0084 

0.0228 

0.0072 

0.0564 

1.10 

0.0144 

0.0168 

0.0120 

0.0108 

0.0540 

1.10 

0.0204 

0.0120 

0.0204 

0.0012 

0.0540 

1.10 

0.0204 

0,0132 

0.0240 

0.0084 

0.0660 

1.15 

0.0144 

0.0168 

0.0228 

0.0084 

0.0624 

1.05 

0.0096 

0.0204 

0.0216 

0.0072 

0.0588 

1.20 

0.0300 

0.0276 

0.0216 

0.0132 

0.0924 

1,900°  F. 


0.061 
0.094 

0.90 
0^95 

0.0103 
0,0108 

0.0144 

0.119 

0.92 

0.0084 

0.0276 

0.142 

1.00 

0.0108 

0.0312 

0.161 

1.15 

0.0180 

0.0528 

0.178 

1.10 

0.0192 

0.0468 

0.181 

0.95 

0.0228 

0.0276 

0.204 

0.95 

0.0036 

0.0468 

0.206 

1.15 

0.0156 

0.0480 

0.223 

1.00 

0.0264 

0.0420 

0.0168 

0.0084 

0.0360 

0.0180 

0.0132 

0.0564 

0.0264 

0.0132 

0.0756 

0.0252 

0.0180 

0.0852 

0.0168 

0.0204 

0.1080 

0.0348 

0.0132 

0.1140 

0.0528 

0.0120 

0.1152 

0.0396 

0.0192 

0.1092 

0.0408 

0.0108 

0.1152 

0.0  i08 

0.0192 

0.1284 

Repeated  Use  at  1,750° 


0.174 
0.092 
0.104 
0.092 


1.20 
0.93 
0.90 
0.90 


0.0300 
0.0036 


0.0276 
0.0216 
0.0216 
0.0228 


0.0216 

0.0132 

0.0924 

0.0360 

0.0192 

0.0804 

0.0324 

0.0072 

0.0612 

0.0432 

0.0216 

0.0876 
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The  Constitution  and  Melting-Points  of  a  Series  of  Copper- 
Slags. 

BY  CHARLES  H.    FULTON,   CLEVELAND,   OHIO. 
(Cleveland  Meeting.  October,  1912.) 

I.  Introduction. 

There  are  comparatively  few  accurate  data  on  the  melting- 
or  the  freezing-point  temperature  of  metallurgical  slags,  or  on 
related  physical  phenomena,  such  as  fluidity  near  the  melting- 
point,  specific  heat,  latent  heat,  etc.  With  the  exception  of  the 
work  of  H.  0.  Hof  man,^  and  some  older  work  by  R.  Akerman, 
P.  Qredt,  and  H.  M.  Howe,  no  information  is  available  that  is 
of  direct  interest  to  the  metallurgist. 

Hof man's  valuable  work  is  the  only  one  that  refers  to  slags 
produced  in  the  metallurgy  of  copper  and  lead.  The  classic 
work  of  J.  H.  L.  Vogt,*  who  views  slags  from  the  standpoint 
of  physical  mixtures  (solutions  in  which  the  entities  are  min- 
erals), has  opened  up  a  new  field  in  the  study  of  slags,  and  has 
placed  the  investigation  of  such  properties  as  melting-tempera- 
tures, etc.,  on  a  rational  basis.  The  recent  work  of  A.  L.  Day, 
E.  T.  Allen,  and  W.  P.  White,  of  the  Carnegie  Institution,  at 
Washington,  and  of  European  investigators*  on  certain  systems 
of  silicate  minerals  confirms  the  value  of  the  investigation  of 
silicate  series  from  this  standpoint,  and  it  is  my  aim  to  apply 
this  method  to  metallurgical  slags,  in  order  to  gain  exact  data 
of  value  in  metallurgy.  The  work  recorded  in  the  present 
paper  is  the  result  of  an  investigation  of  reverberatory-furnace 
slags  made  for  a  Western  smelting  company  to  determine  ex- 
actly the  influence  of  change  in  composition,  within  compara- 
tively narrow  limits,  on  the  melting-point. 

For  a  general  discussion  concerning  the  mineralogical  char- 
acter of  slags  and  the  principles  on  which  this  investigation  is 
based,  reference  should  be  made  to  other  work,*  for  the  subject 
is  too  large  to  be  stated  in  this  paper,  except  very  briefly  in  the 
following  outline : 

>  TraM.,  xxix.,  682  (1899). 

'  IHe  Silikatschmdzldsungen  ;  L  Ueber  die  MineralhUdung  in  Silikatschmelzldsungm; 
IL  Ueber  die  Schnudzpunkt-Erniedrigung  der  Silikatschmelzldmngen  (Christiania, 
1903-04). 

'  Doelter,  Handbuch  der  Mineraichemie  (1911  >^-^  j 

*  C.  H.  Fulton,  Principlea  of  Metallurgy,     Chapter  viii.,  on  m^f^y2^^^^\^ 
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Copper-slags,  broadly  considered,  may  have  this  range  in 
composition :  silica,  from  about  30  to  50 ;  lime  (including  some 
magnesia),  from  about  2  to  85;  ferrous  oxide,  from  about  12 
to  65 ;  alumina,  up  to  12  per  cent.  Other  bases,  such  as  mag- 
nesia and  zinc  oxide,  may  be  present  in  considerable  amount. 
If  so,  the  subject  requires  separate  discussion  and  it  is  again 
referred  to.  When  present  in  small  amount,  both  magnesia 
and  zinc  oxide  may  be  considered  to  replace  iron  oxide  in  some 
of  the  minerals  formed.  With  the  above  range  in  composition 
the  silicate  degree  of  the  slag  varies  between  an  ortho-silicate 
and  a  meta-silicate,  and  for  practically  all  slags  lies  somewhere 
between  the  two.  The  slags  when  molten  will  consist  largely 
of  solutions  of  two  minerals,  one  an  ortho-silicate  and  the 
other  a  meta-silicate.  What  these  minerals  are  depends  upon 
the  base  composition  of  the  slag,  very  largely  upon  the  relation 
of  lime  to  iron  oxide  to  alumina.  In  this  manner  series  are 
formed  in  which  the  two  minerals  are  respectively  the  entities 
or  end-members,  and  all  compositions  between  are  mixtures, 
in  various  proportion,  of  the  two  minerals.  The  addition  of 
one  mineral  to  the  other  will  cause  a  change  in  the  freezing- 
point  according  to  well-known  laws,  and  for  the  range  in  com- 
position from  one  mineral  to  the  other  there  is  established  a 
freezing-point  or  a  melting-point  curve  which  is  rational  and 
will  fall  into  one  of  the  well-known  types. 

In  Table  I.  are  given  the  mineral  series  possible  for  copper- 
and  lead-slags,  according  to  silicate  degree  and  base  compo- 
sition. 

Table  I. — Mineral  Series  of  Copper-  and  Lead-Slags. 


silicate  Degree. 

Mineral  Series. 

Base  CompOBition  Within 
Limits  Specified. 

Ortho-silicate 

1.  Olivine— magnetite 
(fayalite) 

2.  Olivine — melilite 

3.  Melilite — augite 

Very  high  in  iro. 

High  lime,  compratively 
low  iron.  High  alum- 
ina. 

Same  as  above. 

Ortho-silicate 

<D 

m  ortho- 
ta-silicat 

4.  Augite — olivine    (iron- 
lime  olivine) 

Somewhat  less  lime,  more 
iron  ;  high  alumina. 

Comparatively  high  iron, 
sti  il    less     lime,    lower 

5.  Augite— -olivine  (fayal- 
ite)  

II 

6.  Rhomhic  pyrozene-oli- 
vine  (hypersthene)— 
(fayalite 

alumina. 
Very  little  lime,  high  iron, 
low  alumina. 

Meta-silicate 

7.  Rhomhic    pyroxene 
( hypersthene)— augite. . . 

Low  lime,   comparatively 
high  iron ;  some  alumina. 
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The  slags  ordinarily  made  in  copper-smelting  will  fall  chiefly 
into  series  3,  4,  5,  and  6,  dependent  on  the  base  composition. 
Alumina  in  the  presence  of  considerable  lime  will  go  to  form 
augite  or  melilite.  If  the  composition  of  the  slag  mixture  is 
such  that  neither  of  these  minerals  can  form,  alumina  is  very 
apt  to  form  spinel,  which  crystallizes  out  of  the  molten  slag  at  a 
high  temperature,  causing  difficulties.  The  formation  of  spinel 
is  greatly  aided  by  the  presence  of  magnesia  or  zinc,  or  both, 
even  in  small  quantities.  Ordinarily  magnesia  passes  to  the 
olivine  or  hypersthene  mineral,  zinc  to  the  olivine  mineral,  par- 
ticularly to  the  high-iron  olivine  or  fayalite.  It  is  thus  appar- 
ent that  if  a  slag  is  to  carry  considerable  alumina  it  must  also 
contain  considerable  lime  in  order  to  form  augite  or  melilite, 
and  if  it  is  to  carry  considerable  zinc,  much  iron  and  but  little 
lime  must  be  present  to  give  opportunity  to  form  fayalite.  High 
alumina  and  zinc  are  incompatible.  High  alumina  and  mag- 
nesia are  incompatible. 

It  is  to  be  noted  that  the  minerals  named  are  used  to  desig- 
nate group  minerals.  Thus  olivine  may  vary  widely  in  com- 
position, including  such  minerals  as  fayalite,  true  olivine,  an 
iron-lime  olivine,  etc.  The  same  is  true  of  the  other  minerals 
named.  For  the  purpose  of  a  determination  of  melting-points 
and  related  properties  it  is  proposed  to  investigate  the  series 
outlined  in  Table  II. 

Table  H. — Base  Composition  of  Slags. 


Silicate  Degree. 

Base  Composition. 

Mineral  Series. 

Silica  varying  between  or- 
tho-  and  meta-silicate.... 

1.  CaO        70 
FeO""  30 

2.  CaO       60 
FeO       40 

Alumina  up  to  18  per  cent. 

Melilite-^iugite. 

Silica  varying  between  or- 
tho-  and  meta-ailicate 

3.  CaO_  50 
FeO        60 

4.  CaO  _  40 
FeO        60 

Alumina  up  to  8  per  cent 

Olivine— augite. 

Silica  varying  between  or- 
tho-  and  meta-silicate... 

5.  CaO  _  30 
FeO        70 

6.  CaO_    5 
FeO        95 

Alumina  below 6  percent. 

—augite. 
Olivine 

— hypersthene. 
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If  the  melting-points  of  a  considerable  number  of  slags  in 
these  six  series  be  determined,  the  field  of  copper-slags  will  be 
practically  covered,  for  additional  curves  of  interest  can  then 
be  plotted  from  the  data  obtained  by  taking  the  slags  of  the 
same  silica-content  from  the  six  series,  showing  the  effect  of 
varying  ferrous  oxide  and  lime  with  constant  silica.  The  effect 
of  varying  alumina  will  have  to  be  separately  determined. 

In  the  work  described  in  the  succeeding  sections  of  the  pres- 
ent paper  one  olivine-augite  series  and  two  melilite-augite 
series  were  investigated,  in  which  in  each  series  the  iron-alumina 
ratio  remained  constant,  while  the  lime  varied  with  the  silicate 
degree.  The  reason  for  this  is  that  the  ordinary  reverberatory- 
slags  fall  into  such  a  series,  and  that  the  problem  presented 
was  a  practical  one,  viz. :  with  a  certain  ore-mixture  essentially 
constant  in  composition  with  regard  to  silica,  iron,  and  alumina, 
what  is  the  effect  on  the  melting-point  of  the  slag  formed  of  the 
addition  of  increasing  quantities  of  lime  (the  flux)  ?  Also,  how 
low  may  the  lime  be,  and  how  high  can  the  silicate  degree  be 
carried,  and  still  have  practical  slags  ? 

II.    Constitution  of  Certain  Revbrbbratort-Slags. 

In  investigating  the  problem  it  was  thought  desirable  to  ex- 
amine the  slags  from  the  reverberatory  furnaces  from  the 
chemical  and  mineralogical  standpoints.  Table  EH.  gives  in  a 
concise  way  the  compositions  of  these  slags,  which  were  pro- 
duced by  smelting  calcines  obtained  by  roasting  concentrates 
mixed  with  crushed  limestone,  with  a  certain  amount  of 
converter-slag,  from  both  basic-  and  acid-lined  converters. 
The  analyses  represent  very  careful  work  with  accurate  and 
exact  methods,  not  the  methods  used  in  ordinary  rapid  smelter- 
work.  The  regular  slags  tapped  from  the  furnace  are  desig- 
nated as  "  clean  slags."  "  Floaters  "  are  masses  of  loosened  fur- 
nace-bottoms. "  Blanket  slag  "  is  a  slag  which  forms  on  the 
surface  of  the  charge  and  which  seems  to  consist  of  partly-fused 
material.  The  following  additional  petrographic  notes  elabo- 
rate the  identification  of  the  minerals.  (I  am  indebted  to  Dr. 
Charles  P.  Berkey  for  the  identification  of  the  minerals  in  the 
slags). 
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Slag  No.  S. — A  dark  slag  with  many  roundish  light-colored 
grains.  One  mineral  is  present  in  considerable  amount  It  is 
colorless  and  occurs  in  round,  corroded  grains  that  have  neither 
crystal-boundaries  nor  internal  structural  features.  The  grains 
are  fractured.  The  mineral  has  good  relief  and  low  double 
refraction.  It  is  uniaxial  and  positive.  It  is  evidently  the 
original  undecomposed  quartz  that  has  not  been  fluxed.  The 
ground-mass  is  glassy,  shows  strong  flowage,  and  is  brown  to 
black  in  color.  Those  portions  showing  the  strongest  flowage 
are  brown  in  color,  and  portions  immediately  surrounding  the 
crystals  grains  are  generally  brown.  The  rest  of  the  field  is 
very  dark  and  carries  an  abundance  of  black  metallic  particles, 
very  likely  magnetite.  The  lighter  color  about  the  quartz 
grains  seems  to  show  the  solution  of  the  quartz  into  the  glass 
or  slag.  In  a  few  places  large  metallic  grains  occur,  probably 
matte  globules.  Certain  areas  show  no  flowage  at  all,  but  have 
a  very  minute  micro-granular  structure  that  is  the  beginning 
of  crystallization.  In  limited  areas  this  gives  a  mottled  effect 
similar  to  that  produced  by  the  devitrification  of  natural 
glasses.  These  areas  have  a  yellowish  or  greenish-yellow  color, 
and  a  refraction  and  double  refraction  of  higher  order  than 
other  areas.     They  are  probably  the  beginnings  of  pyroxenes. 

Slag  No.  9. — An  abundance  of  crystalline  minerals  is  present. 
The  minerals  grow  in  rods,  or  plates,  which  are  in  bundles  or 
aggregates,  and  constitute  about  one-third  of  the  area.  It  is  of 
moderate  relief,  entirely  colorless,  strong  crystallizing  tendency, 
of  low  double  refraction,  parallel  extinction  in  all  cases,  uni- 
axial and  positive.  The  latter  characteristics  are  not  very  read- 
ily made  out,  as  the  interference  figure  is  indistinct.  The 
elongation  is  parallel  to  the  "  a  "  elasticity  axis.  The  slag  has 
a  striking  structural  appearance.  The  rod-like  structure  is 
strongly  developed,  with  numbers  lying  parallel  and  with  inclu- 
sions of  the  dark  glassy  matrix  in  and  between  them.  They 
are  associated  with  other  groups  lying  at  various  angles  and 
larger  aggregates  of  less  definite  boundaries.  The  mineral  is 
not  identified.  The  rest  of  the  slide  consists  of  comparatively 
large  areas  of  original  quartz,  unfluxed,  and  a  greenish-brown 
glass.     Minute  particles  like  mineral  dust  are  also  present 

Slag  No,  12. — The  main  body  of  this  slag  is  divided  between 
an  opaque  glass  and  a  glassy  green  mineral.     In  very  thin  sec- 
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tion  the  color  is  green  to  brown,  and  the  mineral  is  pleochroic. 
The  extinction  angle  when  measured  from  the  central  shaft  of 
a  fern-like  crystallite  is  often  high,  up  to  30°.  Refraction  and 
double  refraction  are  strong.  Interference  colors  are  of  the 
second  and  third  orders  in  thin  sections.  There  is  little  doubt 
that  the  mineral  is  a  pyroxene,  probably  near  hedenbergite.  In 
some  of  the  better  formed  crystals  there  are  lines  of  opaque 
inclusions  of  a  yellow-gray  and  a  steel-gray  metallic  substance, 
probably  magnetite  and  sulphides  (matte).  Magnetite  also 
occurs  in  little  patches  with  rounded  irregular  outline,  forming 
a  considerable  proportion  of  the  slag  (perhaps  from  5  to  10  per 
cent.).  There  are  some  oblong  crystals  of  a  nearly  colorless 
mineral  with  cleavage  parallel  to  the  elongation  and  extinction 
parallel  to  the  cleavage.  This  corresponds  to  a  member  of  the 
olivine  group,  although  the  double  refraction  seems  to  be  less 
than  in  natural  olivine.  The  slide  tested  with  acid  shows  gela- 
tinization,  pointing  to  the  presence  of  olivine.  The  rod-like 
crystals  are  of  the  same  kind  as  in  slag  No.  9. 

Slag  No.  14^. — In  this  slag  there  is  enough  crystalline  struc- 
ture to  show  that  some  mineral  constituent  is  very  generally 
developed  in  the  slag.  The  structure  shows  itself  in  branching 
and  feather-like  aggregates,  and  in  areas  where  the  components 
have  strong  individual  elongation.  The  mineral  is  light  green 
in  color.  It  shows  brownish  pleochroism  and  an  abundance 
of  dark  inclusions  which  accentuate  the  structure.  It  is  biaxial 
with  oblique  extinction  and  high  double  refraction  and  strong 
relief.  The  extinction  angle  varies  from  zero  to  more  than  40°. 
These  are  the  characteristics  of  the  colored  monoclinic  pyrox- 
enes. The  color  undoubtedly  indicates  that  iron  is  a  prominent 
constituent.  The  mineral  corresponds  more  nearly  to  common 
augite  than  to  any  other  variety.  No  other  mineral  is  devel- 
oped in  this  slide  except  magnetite,  which  is  plentifully  distrib- 
uted about  the  branching  forms  of  the  augite.  This  last  con- 
stitutes about  75  per  cent,  of  the  slag. 

Slag  No.  IS, — This  slag  shows  crystalline  development  in 
long  needles  of  radiating,  branching  and  interpenetrating  struc- 
ture, and  the  matrix  between  them  shows  also  the  character- 
istics of  the  incipient  crystallization.  The  crystals  and 
aggregates  are  light  brown  to  light  green  in  color.  The  only 
other   individualized    constituent   occurs   as   minute,  metallic 
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black  grains,  some  of  which  are  apparently  octahedral  in  form 
and  very  abundant  throughout  the  section.  This  mineral  is 
magnetite.  The  light-colored  crystals  appear  to  be  of  two  dis- 
tinct varieties.  The  one  most  strikingly  developed  is  a  very 
light  green,  and  is  in  the  form  of  long  needles  with  feather-like 
branches  or  cross-bars.  It  is  always  surrounded  and  intergrown 
with  an  excessive  amount  of  black  granular  material,  probably 
magnetite,  which  is  more  abundant  in  its  immediate  vicinity 
than  in  other  parts  of  the  section.  This  mineral  is  a  pyroxene, 
and  so  far  as  tests  can  be  made  agrees  well  with  hedenbergite, 
a  non-aluminous  variety.  The  other  constituent  is  light  brown 
in  color  and  not  so  clear.  It  constitutes  a  matrix  of  interpene- 
trating rods  and  feather-like  aggregates.  Throughout  this 
aggregate  the  magnetite  grains  are  scattered  plentifully.  Opti- 
cal tests  indicate  that  this  mineral  is  also  a  pyroxene,  and  that  it 
belongs  to  the  colored  monoclinic  varieties  included  under 
augite.  There  is  apparently  no  great  difference  between  these 
two  constituents  in  classification,  but  they  have  strikingly  dif- 
ferent development,  which  points  to  difference  in  chemical 
composition.  The  last  mineral  constitutes  fully  one-half  of  the 
slag.  By  reflected  light  very  small  matte  particles  can  be  dis- 
cerned scattered  throughout  the  mass.  There  are  some  rod-like 
crystals  similar  to  those  found  in  slag  No.  9. 

Slag  No.  16. — This  specimen  is  crystalline  and  made  up  of 
two  constituents,  one  of  which  is  pyroxene  and  the  other  mag- 
netite. Very  small  areas  are  isotropic  and  are  probably  included 
glass.  The  prominent  mineral  occurs  in  long  columnar 
growths,  which  in  thin  sections  appear  either  as  long  crystals 
with  irregular  margins  and  very  prominent  longitudinal  struc- 
ture, due  to  multitudes  of  inclusions,  or  as  a  geometrically 
branching  or  graphic  area  which  represents  the  same  type  of 
crystal  cut  cross-wise.  The  grains  cut  longitudinally  have  a 
green  to  yellowish  green  pleochroism,  those  cut  cross-wise  vary 
from  green  to  yellowish  brown.  The  mineral  has  a  high  ex- 
tinction angle  and  double  refraction,  and  the  optical  characteris- 
tics are  those  of  ferriferous  augite  (or  basaltic  augite).  This 
mineral  constitutes  about  75  per  cent,  of  the  slag.  The  rest 
is  magnetite  and  undifferentiated  residual  glass,  both  of  which 
occur  as  inclusions,  but  more  especially  as  a  sort  of  matrix 
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which  surrounds  every  crystal  and  fills  the  grooves  or  longi- 
tudinal re-entrant  angles  along  their  fluted  sides. 

On  a  critical  analysis  of  the  results  set  forth  it  is  apparent 
that  the  most  prominent  constituent  of  the  regular  slags  is  a 
pyroxene,  in  some  instances  hedenbergite,  in  most  cases  augite. 
In  one  slag  both  are  present.  Olivine  is  also  probably  present 
and  magnetite  is  a  common  constituent.  These  slags  belong 
to  the  binary  series,  augite-olivine,  in  which,  according  to 
J.  H.  L.  Vogt,*  a  eutectic  is  present,  or  they  may  be  considered 
to  belong  to  a  ternary  series,  augite-olivine-magnetite.  In 
the  first-named  series  the  eutectic  composition,  or  the  mixture 
of  the  two  minerals  that  has  the  lowest  melting-point,  occurs 
when  the  silicate  degree  of  the  mixture  is  about  1.65.  In  the 
freezing  of  a  slag,  a  member  of  this  series,  either  augite  or 
olivine  will  crystallize  out  first  as  the  "  excess  substance,"  i.e., 
that  which  is  present  above  that  required  for  the  eutectic  ratio, 
dependent  upon  whether  the  silicate  degree  of  the  slag  be 
greater  or  less  than  1.65.  While  the  eutectic  in  metallic  alloys 
consists  of  the  conglomerate  of  the  two  entities  which  form,  in 
a  silicate,  owing  to  viscosity,  the  eutectic  usually  congeals  to  a 
glass  (the  residual  glass  of  the  above  description)  and  one 
member  of  the  series,  in  this  instance  the  olivine,  may  be 
largely  in  the  glass  and  undistinguishablo  as  a  distinct  mineral. 
The  presence  of  an  abundance  of  augite  and  practically  no 
olivine  shows  these  slags  to  belong  on  the  augite  side  of  the 
eutectic,  and  of  a  silicate  degree  greater  than  1.65.  This  is  not 
apparent  from  the  chemical  analysis,  for  calculations  made  in 
the  ordinary  manner,  with  all  the  iron  present  as  ferrous  oxide, 
give  a  silicate  degree  considerably  lower ;  e,^.,  the  silicate  de- 
gree of  slag  15  is  1.22,  which  calls  for  olivine  crystallization  first.* 
This  apparent  discrepancy  is  readily  explained  when  the  pres- 
ence of  magnetite  is  considered.  'A  very  considerable  portion 
of  the  iron  shown  by  the  analyses  is  in  the  form  of  magnetite. 
This  has  the  effect  of  increasing  the  silicate  degree  of  the  slag 
very  decidedly  above  that  called  for  by  the  analysis.  The 
source  of  this  magnetite  in  the  slags  is  not  certain.     It  probably 

*  Ueber  die  Schmelzpunkt'Emiedrigung  der  SUikaUchmelzlosunffeTif  114.     Doelter, 
Handbuch  der  Mineralchemiey  vol.  i.,  p.  943  (1911). 

*  If  25  per  cent,  of  the  iron  present  in  this  slag  is  In  the  form  of  magnetite,  the 
silicate  degree  becomes  1.45. 
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comes  from  the  converter-slag  which  is  added  in  the  furnaces, 
but  part  of  it  may  be  in  the  calcines  of  the  charge,  or  be 
formed  during  smelting.  The  iron  in  the  magnetite  cannot  be 
considered  as  flux  for  silica,  and  its  presence  is  detrimental  in 
so  far  as  it  crystallizes  out  of  the  slag  at  comparatively  high 
temperatures,  passing  in  part  to  the  underlying  matte,  and 
when  present  in  sufficient  quantity  making  a  mushy  slag, 
which  may  entangle  considerable  matte  and  thus  cause  high- 
copper  slags.  The  value  of  converter-slag  as  a  flux  seems 
questionable  in  many  instances  on  account  of  the  presence  of 
this  magnetite.  Magnetite  is  present  in  many  slags  high  in 
iron. 

It  is  customary  to  consider  the  iron  in  slags  to  be  present  in 
the  ferrous  condition  entirely,  and  combined  with  silica.  That 
this  is  not  the  case  can  readily  be  seen  from  the  results  of  the 
analyses  in  Table  III.,  most  of  which  do  not  add  to  100  per 
cent,  when  the  iron  is  calculated  as  ferrous  oxide.*  This,  of 
course,  is  confirmed  by  the  microscopic  analysis.  It  has  been 
noted  frequently  by  different  observers  that  many  slags  con- 
taining considerable  iron  are  magnetic.  It  is  also  worthy  of 
note  that  slags  containing  augite  very  likely  contain  ferric  iron 
as  well  as  ferrous  iron,  since  both  forms  of  the  oxide  enter  into 
the  constitution  of  the  augite  molecule.  That  this  is  the  case 
with  the  reverberatory-slags  under  discussion  is  indicated  by  the 
brownish  color  of  some  of  the  augite  found.  The  amount  of 
magnetite  found  in  the  slags  was  sometimes  very  appreciable, 
more  than  10  per  cent,  of  the  weight  of  the  slag,  thus  removing 
a  large  portion  of  the  iron  from  the  influence  of  silica.  This 
description  gives  some  idea  of  the  complex  condition  of  the 
iron  in  some  slags,  and  the  effect  it  has  on  the  nature  of  the 
slag. 

m.  Melting-Points  of  Slags. 

In  the  discussion  of  certain  thermal  properties  of  slags  such 
terms  as  "  formation-temperature,"  melting-point,  freezing- 
point,  viscosity,  superheating,  and  fluidity  are  frequently 
used,   sometimes   in  a    confusing  manner,  so  that  it    seems 


*  Slag  No.  15  contains  33.38  per  cent,  of  iron.  If  25  per  cent,  of  this  be  calca- 
lated  as  FejO^,  and  75  per  cent,  as  FeO,  the  total  of  the  slag-constitaents  will  be 
increased  by  0.79  per  cent.  only. 
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desirable  to  view  some  of  these  properties  in  the  light  of  recent 
investigation.  From  the  metallurgical  standpoint  the  most 
important  physical  property  of  a  slag  is  the  temperature  at 
which  it  will  readily  flow  from  the  furnace  and  permit  the 
separation  of  metal  and  matte  from  it  by  gravity.  This  prop- 
erty of  fluidity  is  closely  related  to  the  melting-point  and  to  the 
viscosity  (resistance  to  flow)  in  a  certain  temperature-range 
above  the  melting-point.  The  melting-temperature  or  point, 
defined  as  that  temperature  at  which  the  solid  slag  passes  to  the 
liquid  condition,  is  perhaps  the  property  best  suited  for  the 
purpose  of  investigation,  as  will  be  evident  from  what  follows. 
The  melting-point  of  a  silicate,  however,  presents  different  as- 
pects than  the  melting-point  of  metals  or  substances  which  are 
excellent  conductors  of  heat  and  of  low  viscosity.  When  a  mass 
of  metal  to  which  heat  is  being  supplied  from  an  exterior 
source  at  a  sufllcient  rate  begins  to  melt  on  the  outside  layers, 
the  conduction  of  heat  to  the  interior  of  the  mass  is  so  rapid 
that  all  of  it  practically  reaches  the  melting-point  at  the  same 
time.  This  is  not  true  of  silicates.  In  this  case  the  melting  of 
the  mass  takes  an  appreciable  time  and  the  time-temperature 
curve  during  the  melting-stage  is  therefore  an  oblique  one,  and 
not  the  sharp,  nearly  horizontal  jog  that  shows  in  the  freezing- 
curve  or  melting-curve  of  metals.  This  time-lag  in  the  melting 
or  freezing  process  is  most  pronounced  the  more  viscous  the 
substance  is  at  or  near  the  melting-point  and  is  very  prominent 
in  such  substances  as  orthoclase  and  albite,  or  other  silicates 
containing  considerable  alumina,  and  in  some  borates,  but  is 
not  very  pronounced  in  the  iron,  lime,  or  manganese  silicates. 
Many  silicates  also  possess  the  property  of  very  appreciably 
undercooling  below  the  true  freezing-point  before  solidification 
or  crystallization  sets  in  and  the  latent  heat  of  fusion  is  given 
out.  Therefore  in  taking  a  freezing-point  this  almost  invariably 
comes  too  low,  sometimes  by  100°  or  more.  Moreover,  the 
amount  of  lowering  is  not  constant  and  may  vary  with  each 
determination  of  the  freezing-point.  I  spent  several  months 
fruitlessly  in  endeavoring  to  work  out  the  slag  series  which  follow 
by  the  freezing-point  method.  The  data  in  Table  IV.  and  in 
Fig.  1  illustrate  these  facts. 

[11] 
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Table  IV. — Melting-  and  Freezing-Curves  on  Slag  No,  16. 


5.  DIf. 

Melting-Curves. 
Mic.  Volts.  Dlf. 

Mic.  Volts. 

Cooling 
Mic.  Volts.  Dlf. 

Curve& 

M!c.  Volti 

Dif. 

Mic.  Volts.   Dif. 

7,000 

90 

6,730 

140 

7,730 

170 

10,910 

210 

9,600   200 

7,090 

90 

6,870 

140 

7,900 

160 

10,700 

240 

9,400   300 

7,180 

90 

7,010 

140 

8,060 

160 

10,460 

240 

9,100   200 

7,270 

90 

7,150 

180 

8,220 

150 

10,220 

220 

8,900   200 

7,360 

80 

7,280 

130 

8,370 

120 

10,000 

230 

8,700   150 

7,440 

80 

7,410 

130 

8,490 

110 

9,770 

210 

8,550   150 

7,620 

80 

7,640 

130 

8,600 

95 

9,560 

210 

8,400   200 

7,600 

80 

7,670 

120 

8,695 

80 

9,350 

190 

8,200   200 

7,680 

90 

7,790 

115 

8,775 

75 

9,160 

180 

8,000   150 

7,770 

80 

7,905 

116 

8,850 

60 

8,980 

180 

7,850   

7,860 

80 

8,020 

110 

8,910 

60 

8,800 

7,930 

90 

8,130 

100 

8,960 

60 

8,020 

80 

8.230 

100 

9,020 

55 

8,100 

80 

8,330 

100 

9,075 

55 

8,180 

90 

8,430 

80 

iM;iU 

70 

8,270 

90 

8,510 

90 

9,200 

70 

8,360 

70 

8,600 

80 

9,270 

«0 

8,430 

70 

8,680 

70 

9,350 

100 

8,600 

70 

8,760 

60 

9,450 

110 

8,570 

70 

8,810 

50 

9,560 

140 

8,640 

60 

8,860 

50 

9,700 

?.30 

8,700 

60 

8,910 

50 

9,930 

120 

8,760 

50 

8,960 

50 

10,050 
10,160 

110 

8,810 

40 

9,010 

50 

95 

Melting-points 

?>^^5 

50 
40 

9,060 

40 

10,255 
10,340 

86 
75 

No.  I.  = 

=  1,036**  C. 

8,900 

9,100 

50 

8,940 

40 

9,160 

55 

10,415 

65 

No. 

11.  = 

=  1,036°  C. 

8,980 
9,030 

50 
40 

9,205 
9,260 

55 
70 

10,480 

No.  III.  = 

=  1,037*>  C. 

9,070 

40 

9,330 

90 

9,110 

40 

9,420 
9,505 

85 
70 

c.  j.— 28''  C. 

9,150 

50 

9,200 

60 

9,575 

95 

9,260 

60 

9,670 

140 

9,320 

80 

9,810 

170 

9,400 

80 

9,980 

135 

9,480 

90 

10,115 

95 

9,570 

90 

10,210 

90 

9,660 

90 

10,300 

80 

9,750 

160 

10,380 

70 

9,910 

130 

10,450 

10,040 

c.  j.-J 

12°  C. 

c.  j.— 28 

°C. 

Note. — Readings  at  minute  intervals 

On  slag  No.  16,  which  is  very  nearly  a  bisilicate,  only  the 
melting-curve  gives  results.  This  slag  is  so  viscous  near  its 
freezing-point  that  practically  no  inflection  is  to  be  noted  in 
the  cooling-curve.  Somewhat  better  results  are  obtained  with 
the  cooling-curve  if  the  rate  of  cooling  is  less  than  shown  in 
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the  table,  but  they  are  far  from  concrusive.  It  may  therefore 
be  stated  that  the  investigation  of  the  freezing-points  of  slags  is 
much  less  satisfactory  than  that  of  the  melting-points,  due  to 
the  great  undercooling  which  takes  place. 

While  undercooling®  is  a  prominent  phenomena  in  silicates, 
overheating — viz.,  heating  beyond  the  temperature  of  the  true 
melting-point  without  liquefaction — ^is  also  possible,  according 
to  Doelter,^  for  many  silicates,  and,  according  to  Day  and  Allen,® 
for  certain  very  viscous  materials,  such  as  albite,  orthoclase,  or 
quartz.  According  to  W.  P.  White,®  it  is  negligible  for  many 
silicates,  especially  for  those  of  the  types  under  consideration. 


*'2~^     6      8     10    12    14    16    18    20    22    M    2tt    28    aO    32    84    86    88    40 

MINUTES 

Fig.  1. — Freezing-  and  Melting-Curves  of  Slag  No.  16,  Electric 

Furnace. 

The  experimental  evidence  of  this  fact  rests  in  being  able  to  get 
the  same  melting-point  repeatedly  with  different  rates  of  heating. 
If  overheating  can  take  place,  the  melting-point  comes  higher 
with  the  increased  heating-rate.  In  the  work  under  consider- 
ation rather  widely  different  heating-rates  gave  but  very  little 
change  in  the  melting-point. 

•  W.  P.  "White,  Melting-Point  Determination,  American  Journal  of  Science, 
Fourth  Series,  vol.  xxviii.,  No.  167,  p.  455  (Nov.,  1909).  C.  Doelter,  Handbueh 
der  Min^alchemiCf  vol.  i.,  p.  677  (1911). 

^  Handbueh  der  Miner alchemie,  vol.  i.,  p.  631   (1911). 

®  The  Isomorphism  and  Thermal  Properties  of  the  Feldspars,  American  Journal 
of  Science,  Fourth  Series,  vol.  xix.,  No.  110,  p.  119  (Feb.,  1905). 

»  Ibid. 
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The  term  "  formation-temperature  "  of  a  slag  is  usually  taken 
to  mean  the  temperature  at  which  the  mixture  of  constituents 
that  go  to  form  the  slag  becomes  fluid.  When  closely  consid- 
ered this  is  a  vague  conception,  for  this  temperature  is  a 
variable,  depending  on  a  number  of  factors,  viz.,  rapidity  of 
heating,  the  possible  formation  of  a  eutectic,  size  of  particles  of 
the  mixture.  It  is  also  possible  that  in  the  mechanical  mixture 
one  substance  may  go  partly  into  solution  in  the  others,  below 
the  melting-point  of  the  mass  as  a  whole.  The  formation- 
point,  considered  as  the  temperature  at  which  chemical  com- 
bination takes  place,  may  lie  below  the  melting-point,  as  has  been 
shown  by  Day  and  Shepherd  for  calcium  silicates.^^  From  the 
metallurgical  standpoint,  and  with  coarse  material,  the  forma- 
tion-temperature, so-called,  lies  above  the  melting-point,  but 
it  lacks  definiteness  for  the  purpose  of  investigation.*^  The  upper 
melting-point  of  the  formed  slag  (viz.,  not  that  of  the  eutectic, 
if  such  be  present,  but  that  at  which  the  whole  mass  passes  to 
the  fluid  state)  is  a  definite  and  fixed  point  with  those  silicates 
in  which  overheating  is  not  a  phenomenon,  and  for  that  reason 
was  adopted  as  the  basis  of  this  investigation.  The  yiscosity  of 
the  slags  under  consideration  increases  with  the  silica-  and  alu- 
minarcontents  and  varies  much  for  the  different  slags.  For  this 
reason  it  is  necessary,  aside  from  the  melting-point,  to  deter- 
mine what  temperature  is  required  to  cause  the  slags  to  be  suf- 
ficiently limpid  to  flow,  i.e.y  what  amount  of  superheating  is 
required  above  the  melting-point.  This  degree  of  fluidity  was 
determined  by  stirring  with  a  heavy  platinum  rod  and  noting 
the  temperature  reading  at  the  time  of  stirring. 

The  method  of  taking  melting-points  used  in  this  investiga- 
tion is  based  on  the  researches  of  Walter  P.  White,**  to  which 
reference  should  be  made  for  a  complete  discussion  of  the  sub- 
ject. Briefly  stated,  the  essential  data  are  as  follow :  (1)  A  furnace 
is  necessary  in  which  the  heating-rate  is  under  perfect  control. 
A  properly-designed  electric  furnace  is  best  for  the  purpose. 

*°  American  Jounml  of  Sciencey  Fourth  Series,  vol.  xxii.,  No.  130,  p.  268  (Oct., 
1906). 

"  Principles  of  Metallurgy^  p.  272  (1910).  Handbuchder  Minemlehemief  vol.  i.,  pp 
646,  954  (1911).    H.  O.  Hofman,  Mineral  Industry,  vol.  xvii.,  p.  697  (1908). 

^'  Melting  Point  Determination  ;  Melting  Point  Methods  at  High  Temperatares, 
American  Journal  of  Science,  Fourth  Series,  vol.  xxviii,,  No.  167,  pp.  453  to  489 

(Nov.,  1909). 
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(2)  Accurately  standardized  thermo-couples  are  required.  The 
hot-junction  should  be  properly  centered  in  the  mass,  the  melt- 
ing-point of  which  is  to  be  determined.  (8)  It  is  essential  to 
have  means  of  accurately  measuring  small  differences  of  poten- 
tial generated  in  the  thermo-couples.  This  is  best  done  by 
means  of  a  potentiometer  and  a  delicate  reflecting  galvanometer* 

The  hot-junction  of  the  thermo-couple  is  centered  in  the 
molten  substance  contained  in  a  platinum  crucible,  being  placed 
two-thirds  down  from  the  top  of  the  molten  mass.  The  con- 
tents of  the  crucible  are  then  allowed  to  solidify  within  the 
furnace,  care  being  taken. to  have  the  crucible  so  placed  that  it 
will  heat  uniformly  from  the  walls  of  the  furnace  when  the 
crucible  is  reheated.  The  particular  position  in  the  furnace  is 
best  determined  by  experiment.  The  thermo-couple  always  in- 
dicates the  temperature  of  a  small  mass  of  material  immedi- 
ately surrounding  the  hotj unction  of  the  couple. 

Two  methods  of  taking  heating-curves  are  available.  The 
current  of  the  furnace  is  so  adjusted  and  'varied  that  the 
amount  of  heat  supplied  to  the  mass  to  be  melted  is  constant. 
If  the  current  on  the  furnace  is  kept  constant,  which  means 
essentially  that  the  heating-rate  of  the  furnace  will  be  constant, 
then  the  amount  of  heat  supplied  to  the  melting  mass  will  be 
variable,  for  the  amountof  heat  which  passes  to  the  mass  from 
the  furnace-walls  depends  upon  their  difference  in  temperature. 
This  difference  determines  the  heating-rate.  At  the  beginning 
of  the  heating  there  is  a  certain  difference  in  temperature  be- 
tween the  furnace-wall  and  the  crucible  contents.  When  melt- 
ing commences  heat  is  absorbed  by  the  crucible  contents  and 
its  temperature-rise  diminishes  and  falls  behind  that  of  the 
furnace-wall.  Hence  the  temperature  difference  between  fur- 
nace and  crucible  increases  as  the  melting  proceeds,  and  the 
rate  of  heat-supply  is  rapidly  increased  towards  the  end  of 
the  melting,  with  the  result  that  this  portion  is  greatly  hurried, 
the  melting-curve  becoming  oblique,  and  the  rise  or  break  in 
the  curve  after  the  melting  of  the  material  around  the  junction 
of  the  couple  is  not  as  sharp  as  it  would  be  if  the  rate  of  heat- 
supply  had  been  less.  In  fact,  with  too  high  a  heating-rate  the 
break  may  be  much  obscured.  For  examples  of  heating-curves 
with  a  variable  heat-supply,  in  the  manner  just  discussed,  but 
with  a  comparatively  low  rate,  consult  Fig.  2,  that  of  copper, 
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and  Fig.  8,  that  of  salt.  During  the  melting  of  the  mass  im- 
mediately surrounding  the  hot-junction  of  the  thermo-couple 
the  heating-rate  is  practically  nU  in  substances  that  are  good 
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Fig.  2. — Freezing-  and  Melting-Curves  op  Copper. 
Freezing-points  in  Gas-Furnace ;  Melting- Point  in  Electric  Furnace ;  Copper  at 

1,084°  C. 


2      4      6      8     10    12     14    16    18    20    22    24    26 
MINUTES 


30    32    84    86 


Fig.  3. — A  =  Melting-Curve  op  Salt.    B  =  Melting  Curve  op  Slag  No.  3, 

Series  III. 

conductors  and  not  viscous,  but  in  substances  like  silicates  the 
rate  decreases  to  a  minimum,  to  be  followed  by  a  rise,  as  in  the 
melting-curve  of  slag  No.  8  in  Fig.  8.    The  more  rapid  rise  sue- 
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ceeding  the  initial  rise  is  probably  due  to  convection-currents 
within  the  molten  mass.  The  method  of  heating  by  variable 
heat-supply  distorts  the  heating-curve  as  shown,  and  while  by 
this  method  the  upper  melting-point  can  be  determined  within 
a  few  degrees  if  the  heating-rate  be  properly  adjusted,  other 
melting-points,  such  as  that  of  the  eutectic,  are  obscured. 
Greater  accuracy  is  obtained  if  the  furnace  is  operated  to  main- 
tain a  constant  difference  of  temperature  between  the  furnace- 
wall  and  the  melting  mass  at  all  stages  of  the  melting.  This 
can  be  done  by  means  of  a  second  or  control  couple  placed  in 
the  furnace-chamber  next  the  crucible  at  about  the  same  level. 
The  difference  in  reading  between  this  couple  and  that  in  the 
melting  mass  is  kept  constant,  or  nearly  so,  by  controlling  the 
current  supplied  to  the  furnace  by  means  of  a  rheostat.  The 
resulting  curve  is  much  less  oblique  than  that  taken  by  the  first 
method  and  more  sharply  defines  the  rise  at  the  end  of  the 
melting,  thus  placing  the  melting-point  more  accurately,  and 
also  serves  to  give  an  accurate  melting-curve,  on  which  eutectic 
or  residual  meltings  can  be  determined. 

If  the  heating-rate  be  so  adjusted,  with  a  constant  furnace- 
temperature,  so  as  not  to  be  too  high  during  the  latter  part  of 
the  melting  interval,  a  curve  results  on  which  the  break  due  to 
the  melting  of  the  mass  surrounding  the  junction  of  the  couple 
is  sharp  and  pronounced  and  the  melting-point  determined 
within  a  degree  or  two.  As  the  upper  melting-points  only 
were  sought  for  in  this  work  this  method  was  adopted  as  suf- 
ficiently accurate.  The  same  point  may  be  obtained  repeatedly, 
except  when  the  heating-rate  is  too  high.  Then  it  will  come  a 
few  degrees  above  the  true  point.  Table  III.  gives  three  heat- 
ing-curves on  slag  No.  16,  the  last  two  of  which  are  taken  with 
somewhat  too  high  a  rate ;  still,  the  displacement  in  the  melt- 
ing-point is  small.  Curve  No.  1  of  this  slag  is  plotted  in  Pig.  1. 
In  Fig.  3,  B  shows  the  heating-curve  of  slag  No.  8  in  series  IIL 
Heating-curves  of  slags  in  series  I.  and  II.  are  shown  in  Figs.  4 
and  5,  respectively.  The  records  of  the  heating  show  the 
melting-point  better  than  the  plotted  curves.  The  melting- 
point  is  taken  as  lying  between  the  reading  recording  the  low- 
est rate  and  that  recording  the  first  increase  thereafter.  Very 
often  a  sharp  deflection  of  the  beam  of  light  on  the  galvano- 
meter scale  is  observed  when  the  mass  surrounding  the  junction 
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melts.  Thereafter  the  rise  in  rate  may  be  either  comparatively 
slow  at  first  and  then  increase  suddenly,  or  it  may  increase 
rapidly  at  once,  dependent  on  the  viscosity  of  the  molten  slag. 


1      2     3      4      5      6      7      8      9     10    11    li   13 
MINUTES 

Fig.  4.— Melting-Curve  op  Slag  No.  4,  Series  I. 


0    2    i    e    s   10  12  a   m  19  20  22  ^i  2a 

MINUTES 

Fig.  5.— Melting-Curve  op  Slag  No.  8,  Series  II. 

If  viscous,  the  rise  is  comparatively  slow ;  if  limpid,  the  rise  is 
rapid.  This  leads  to  the  conclusion  that  the  rapid  rise  in  rate 
is  due  to  the  equalization  of  temperature  brought  about  by 

[18] 
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convection-currents,  which  are  delayed  in  the  vincous  material 
until  it  becomes  sufficiently  superheated. 

The  Furnace. — The  most  suitable  furnace  for  obtaining  uni- 
form heating-conditions  is  some  form  of  electric-resistance 
furnace.  In  this  work  it  was  expected  that  temperatures  above 
1,400°  C.  would  be  required.  Most  furnaces  on  the  market, 
with  the  exception  of  platinum-wound  furnaces,  are  not  avail- 
able, as  this  temperature  is  beyond  that  for  which  they  are 


Magnesia  Firo-aay  Graphite  Kryptol 

Fig.  6.— Electric-Kesistance  Furnace. 

•constructed.  This  refers  to  furnaces  in  which  the  heatinir- 
rate  is  under  such  control  as  to  permit  their  use  for  scientific* 
investisration.  A  foreij^n  carbon-resistance  furnace  was  im- 
ported, but  proved  unsuitable  in  the  work.  After  consider- 
able experimental  work  the  furnace  shown  in  detail  drawing  in 
Fig.  6  and  in  perspective  in  Fig.  7  was  built,  and  gave  most  ex- 
cellent service.  The  resistor  is  kryptol.  The  cross-section  and 
length  of  the  resistor  cylinder  are  designed  for  a  115-volt  direct 
-current.     The  current-consumption  is  from  10  to  30  amperes, 
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Fig.  7. — Electric  Furnace.    Kryptol. 


Fig.  8.— Elfxtric  Furnace.     Platinum  Wire. 
[20] 
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dependent  npon  the  temperature  to  be  obtained.  With  the 
latter  current  the  limit  of  the  platinum-rhodium  thermo-couple 
is  reached  in  about  4  hr.,  if  the  furnace  is  protected  against 
excessive  radiation.  The  essential  features  ^*  of  the  furnace  are 
the  following :  (1)  Two  concentric  cylindrical  tubes,  the  inner 
one  of  which  forms  the  heating-chamber,  made  of  either  mag- 
nesia (calcined  magnesite  furnished  by  the  Harbison- Walker 
Co.,  Pittsburg)  or  alundum,  and  the  cylindrical  space  between 
which,  when  filled  with  a  resistor  like  kryptol,  becomes  the 
resistor  cylinder.  (2)  Uniform  and  continuous  contact  of  the 
resistor  on  its  whole  cross-section  with  the  lower  graphite  elec- 
trode plate.  (3)  A  resistor  of  uniform  cross-section  throughout 
its  length.  (4)  The  positive  and  firm  insertion  of  the  tubes  in 
the  electrode  plates,  thus  maintaining  the  resistor  chamber  in 
perfect  shape.  (6)  That  any  part  can  be  readily  and  cheaply 
renewed.  (6)  Simplicity  and  compactness  of  construction,  pre- 
venting racking  and  distortion  during  heating. 

A  practical  difficulty  experienced  with  most  furnaces  using  a 
granular  carbon  resistor  is  the  uneven  heating  of  the  furnace 
space,  usually  due  to  poor  design  of  the  shape  of  the  resistor 
space.  The  furnace  described  gives  very  little  trouble  in  this 
respect,  and  then  only  when,  after  considerable  use  with  high 
currents,  arcing  takes  place  locally  in  the  resistor,  destroying 
the  kryptol  and  fusing  small  portions  of  the  tubes.  An  error  in 
the  design  of  many  resistance-furnaces  seems  to  be  in  the  effort 
made  to  operate  with  too  small  an  amount  of  current,  making 
the  cross-section  of  the  resistor,  either  granular  or  wire,  so 
small  that  local  overheating,  with  consequent  burning-out, 
readily  takes  place.  This  saving  of  a  few  watts  of  current  is 
more  than  made  up  in  expense  for  repairs  and  annoyance. 

A  furnace  of  the  type  used  by  Day  and  Allen  **  was  also 
used  for  part  of  the  work.  It  consists  of  a  magnesia  tube  6.5 
in.  high  and  2.25  in.  inside  diameter,  on  the  inside  of  which  in 
a  spiral  groove  are  wound  25  coils  of  platinum  wire,  No.  18 
B  &  S.  gauge.  This  wire  is  17  ft.  long  and  0.0403  in.  in  diam- 
eter and  weighs  91.2  g.     The  furnace  was  designed  for  a  maxi- 

"  Patent  applied  for  by  C.  H.  Fulton  and  W.  A.  Coursen. 

"  Temperature  Measurements  to  1600°  C,  Physical  Review,  vol.  xix.,  No.  3, 
p.  177  (Sept.,  1904 \  American  Journal  of  Science,  Fourth  Series,  vol.  xxvi.,  No. 
155,  p.  411  (Nov.,  1908) ;  vol.  xxviii.,  No.  167,  p.  474  (Nov.,  1909). 
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mum  current  of  45  amperes  at  a  voltage  of  115.  For  the  work 
in  question  a  current  of  from  10  to  20  amperes  was  used.  The 
tube  is  inclosed  in  fire-clay  blocks,  as  shown  in  Fig.  8.  This 
particular  model  was  designed  to  permit  of  pouring  the  contents 
of  crucibles  within  the  furnace  directly  into  a  calorimeter,  after 
opening  a  slide  door  which  closes  the  bottom  of  the  heating- 
tube.  By  this  method  specific  heats  of  slag  were  determined. 
This  furnace  is  eminently  satisfactory,  but  tlie  cost,  at  the  pres- 
ent price  of  platinum,  is  very  high. 


F,   Furnace. 
Jf  Cold- junction. 
S,  Crucible. 
C|  Thermo-couple  tube. 
P,  Potentiometer. 
Bj  Storage-battery. 
Af  Ammeter. 

Fig.  9. — Set-up  for  taking  Melting-Points. 


SCf  Standard  cell. 
O,  Reflecting  galvanometer. 
i>,  Lamp  and  scale. 
Xy  Adjustable  resistance. 
L.  B.  Lamp  resistance. 
Q,  Rheostat. 


Fig.  9  gives  a  diagrammatic  sketch  of  the  set-up  required  for 
the  taking  of  melting-points."  Two  types  of  potentiometers 
were  used :  one  a  thermo-couple  potentiometer  made  by  the 
Cambridge  Scientific  Instrument  Co.,  and  the  other  a  precision 
thermo-couple  potentiometer  made  by  the  Leeds-Northrup  Go. 
The  last  instrument  measures  direct  to  0.5  microvolt.  The 
reflecting  galvanometer  was  either  a  Broca  instrument,  made 
by  the  Cambridge  Scientific  Instrument  Co.,  or  a  Leeds-North- 


>^  For  a  description  of  the  potentiometer  method  of  measuring  temperatures 
consult  Principles  of  MetaUurgy^  p.  165  (1910), 
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rup  D'Ar8onval  inBtrument,  type  HS.  Either  instrument  is 
very  sensitive  to  small  differences  of  current.  In  taking  read- 
ings the  beam  of  light  was  brought  to  zero  on  the  scale  at  the 
"  end  of  the  time-interval  and  the  microvolt  reading  taken  on  the 
potentiometer.  The  current  on  the  furnace  was  kept  constant 
by  means  of  the  rheostat,  which  has  an  adjustable  resistance. 

IV.  Three  Series  of  Slags. 
Three  series  of  slag  were  investigated.  In  many  smelting- 
problems  the  iron,  silica,  and  alumina  bear  practically  a  con- 
stant ratio  to  each  other  in  the  smelting-mixture,  for  with  sul- 
phur and  copper  these  substances  make  up  the  bulk  of  the  ores, 
and  the  only  variable  in  the  smelting-mixture  is  lime,  added  as 
limestone  flux.  On  this  assumption  three  basal  or  ratio  slags 
were  selected,  in  each  of  which  there  is  a  different  ratio  of  SiOj : 
FeO 
to  make  the  slags  of  a  given  series, 


AljOj,  and  to  which  were  added  different  amounts  of  lime 


Table  V. — Composition  of  Basal  Slags. 


Number 

CompoBltion. 

R&tlo  of 
SiOi :  FeO  :  Al,0.. 

of  Series. 

SlOt. 

FeO.         1        A1,0,. 

CaO. 

I. 
IL 

in. 

Per  Cent. 
42.65 
44.50 
44.30 

Per  Cent. 
36.12 
38.20 
43.1 

Per  Cent. 
11.30 
11.85 

4.85 

Per  Cent. 
6.20 
6.10 
6.80 

377  :  319  :  100 
376  :  323  ;  100 
914  :  888  :  100 

Two  of  the  series  are  relatively  high  in  alumina  and  one  is 
low  in  alumina.  For  a  given  silicate  degree,  series  I.  is  lowest 
in  iron  as  a  base  and  series  III.  is  highest.  The  slags  of  the  three 
series  therefore  furnish  data  showing  the  effect  of  varying  sili- 
cate degree,  and  the  effect  of  iron  and  lime  as  a  base,  and 
also  the  effect  of  alumina,  within  certain  limits.  The  materials 
for  the  slags  of  series  I.  and  II.  were  the  ores  and  flux  of  the 
actual  smelting-mixture.  These  were  taken  to  conform  to  the 
actual  conditions  obtaining  at  the  plant  for  which  a  part  of  this 
investigation  was  carried  out.  Table  VI.  gives  the  composition 
of  carefully  prepared  samples,  which  were  used  in  making  the 
mixture. 
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Table  VI. — Composition  of  Material. 


Material. 


Limestone 

Converter-slag. 

Calcines 

Tank-slimes..... 


CompoBition. 


SiOi. 

"Per 
Cent. 
1.94 
17.80 
29.10 
51.32 


Fe 
as  Fe«Os- 

PeT^ 
Cent. 

1.09 
73.33 
30.24 
14.08 


Fe. 

AljOg. 

CaO. 

MgO. 

Cu. 

Loss. 

Toial. 

Per    i    Per 

Per 

Per 

Per 

Per 

Per 

Cent.   '  Cent 

Cent 

Cent 

Cent 

Cent 

Cent. 



0.58 

52.54 

1.09 

42.49 

99.73 

51.29 

4.85 

1.16 

0.47 

6.18 



5.80 

5.44 

0.48 

16.98 

11.24 

1.12 

6.88 

In  making  the  basal  slags  of  the  first  two  series,  the  above 
substances  were  mixed  in  the  proper  proportions  to  yield  from 
75  to  100  g.  of  slag  of  approximately  the  desired  composition. 
This  mixture  was  carefully  smelted  down  in  the  electric  fur- 
nace, in  cylindrical  crucibles  turned  from  pure  Acheson  graph- 
ite. The  fusion  was  held  at  a  comparatively  high  temperature 
for  some  time,  but  not  high  enough  to  cause  any  serious  "  boil- 
ing "  of  the  matte,  and  then  allowed  to  solidify  in  the  fur- 
nace. When  cold  the  mass  readily  drops  from  the  crucible 
and  the  matte  can  be  removed  from  the  slag  in  the  form  of  a 
button.  The  slag  was  then  resmelted  in  the  same  crucible  at  a 
somewhat  higher  temperature  to  give  opportunity  for  a  second 
settling  of  matte,  although  usually  only  isolated  globules  were 
found  after  the  second  smelting.  The  slag  was  then  crushed 
and  about  20  g.  ground  fine  in  an  agate  mortar,  and  the  metallic 
iron  reduced  by  the  action  of  the  graphite  crucible  was  removed 
by  a  magnet.  The  equivalent  of  this  iron  in  ferrous  oxalate  was 
returned  to  the  slag.  This  mixture  was  then  placed  in  a 
weighed  platinum  crucible  1.25  in.  deep  and  f  in.  in  diameter, 
viz.,  a  narrow  high  crucible,  and  slowly  melted  down  into  a 
homogeneous  slag.  After  cooling,  the  weight  of  the  slag  was 
taken.  The  melting-point  of  the  slag  was  then  determined  by 
means  of  the  bare  thermo-couple,  i.e.,  no  protective  tube  was 
used.  The  insulating-tubes  reached  to  within  about  0.75  in.  of 
the  hot-junction.  After  the  last  determination  the  slag  was  re- 
melted,  the  couple  removed  and  the  slag  allowed  to  solidify. 
Then  limestone  was  added  either  in  0.5-,  1-  or  2-g.  additions,  the 
crucible  replaced  in  the  furnace  and  the  new  slag  melted  down 
while  stirring  with  a  platinum  rod.  The  temperature  was  then 
raised  until  the  slag  was  thinly  fluid,  the  thermo-couple  care- 
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fully  inserted  and  centered,  and  after  solidification  reheated 
and  new  melting-points  taken.  In  this  manner  the  points  of 
the  whole  series  were  taken  consecutively.  After  the  final  de- 
termination the  crucible  with  its  contents  was  weighed,  the  slag 
then  remelted  until  thinly  fluid  and  then  poured  into  water  in 
a  porcelain  dish  to  get  the  sample  for  the  chemical  analysis. 
From  the  weights  of  the  slag,  the  limestone  taken,  and  the  an- 
alysis, the  composition  of  the  slags  of  the  serifes  was  calcu- 
lated. This  method  was  adopted  because  of  its  neatness  and 
the  little  wear  it  caused  on  platinum,  for  a  whole  series 
could  be  run  without  the  necessity  of  cleaning  slag  from 
the  crucible,  except  at  the  end.  The  possible  error  in  the  com- 
position of  each  slag  due  to  calculating  back  from  the  final 
analysis  is  probably  very  small  with  the  weighings  carefully 
made,  and  with  no  dusting  on  the  addition  of  limestone. 

For  the  slags  of  series  III.,  pure  analyzed  reagents,  alumina 
(ignited),  silica,  calcium  carbonate,  and  ferrous  oxalate  were 
used  to  make  the  basal  slag.  Otherwise  the  procedure  for  the 
"series  was  the  same  as  for  the  first  two,  except  that  the  basal  slag 
was  analyzed  and  the  other  slags  of  the  series  caculated  from 
this  analysis  and  the  original  weight  and  the  limestone  ad- 
dition. Tables  VII.,  VIIL,  and  IX.  give  the  data  on  the  three 
series  in  condensed  form. 


Table  VII. — Composition  and  Melting- Point  of  Stags  of  Series  I. 


^ 

{ 

Dompositlon. 

1 

St 

Meltlng-Point. 

1 

i    SiO^. 

FeO. 

CaO.    1  AljOa. 

Total. 

Millivolt  1 

HCold- 

Melting- 

S5 

"Per 

1 

Readings. 

Junction. 

Point. 

Per 

Per         Per    i 

Per      1 

Cent 

Cent. 

Cent.    1    Cent,  i 

Cent.     1 

oc. 

°C. 

1. 

42.65 

36.12 

6.20  '  11.30  1 

96.37 

1.40 

8.650 

9 

979 

2. 

40.66 

34.33 

10.80    10.70  . 

96.49   1 

1.28 

8.815 

16 

1,011 

3. 

1  38.80 

32.60 

14.95  1  10.02 

96.37    > 

1.19 

9.880 

10 

1,060 

4. 

1  86.90 

31.10 

18.52      9.75 

96.27    1 

1.09 

9.625 

11 

1,081 

5. 

i  35.40 

29.65 

22.12'    9.35  1 

96.52   , 

1.02 

10.250 

12 

1,137 

6. 

33.92 

28.48 

25.14  1    9.00  ' 

!           1 

96.54   1 

0.96 

10.420 

14 

1,151 

Original  weight  of  slag  =  20  g.     Weight  of  slag  plus  additions  =  25.751  .g. 
Weight  of   final  slag  in  crucible  =  25.0575  g.      Diflference  =  0.6936  g. 
on  rod  and  couple. 
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Table  VIII. — Composition  and  Mdling- Point  of  Slags  of  Series  IL 


Composition. 

n 

a 

"Per 

FeO. 

CaO.       AljOa. 

Per 

Per     1    Per 

Cent. 

Cent. 

Cent.    ;  Cent. 

1. 

44.50 

38.20 

5.10 

11.85 

2. 

44.00 

37.80 

6.14 

11.73 

3. 

43.50 

37.30 

7.15 

11.60 

4. 

43.  JO 

37.00 

8.16 

11.51 

5. 

42.25 

36.20 

10.04 

11.23 

6. 

40.  nO 

34.65 

1H.60    10.75 

7. 

38.90 

33.25 

16.80    10.40 

8. 

37.55 

32.10 

19.90  1  10.05 

9. 

36. -20 

30.807 

22.56 

9.67 

Per 
Cent. 
99.65 
99.67 
99.55 
99.87 
99.72 
99.50 
99.35 
99.60 
99.30 


ate 


1.51 
1.48 
1.45 
1.42 
1.38 
1.28 
1.20 
1.13 
1.06 


Melting-Point. 


Millivolt 

^  Cold- 
Junction. 

Meltlng- 

Readings. 

Poini. 

oc. 

«€. 

9.260 

13 

1,050 

9.000 

13 

1,025 

8.600 

13 

988 

8.600 

7 

982 

8.850 

10 

1,010 

9.300 

13 

1.054 

9.700 

14 

1,091 

9.^20 

13 

1,103 

9.840 

15 

1,107 

Original  weight  of  slag  =  23.645  g.  Weight  of  slag  plus  additions  =  29.683  g. 
Weight  of  final  slag  in  crucible  — 28.891  g.  Difference  =  0.814  on  rod 
and  couple. 


Tabi 

L.E  IX. —  Composition  and 

Melting- Point 

of  Slags  of  Series  III. 

u 

Composition. 

^i    1 

MelUng-Poin 

t. 

,n 

IS 

%  Cold-  ! 
Junction.  | 

1 

SiO-. 

FeO.*; 
Per^ 

AI2O3. 
"PeT~ 

CaO.   ! 
Per 

Total. 

Millivolt 
Readings. 

MelUng. 
Point. 

Per 

Per       1 

Cent 

Cent. 

Cent. 

Cent. 

Cent. 

°C. 

°C. 

1. 

44.3 

43.10 

4.85 

6.80 

99.05 

1.66 

8.750 

10 

1,000 

2. 

42.65  ,  41.51 

4.69 

10.29  1 

99.14 

1.54 

8.850 

10 

1,010 

3. 

41.11  1  40.01 

4.51 

13.53  , 

99.16 

1.44 

9.000 

19 

1,034 

4. 

38.34    37.22 

4.21 

19.35  ; 

99.12  ;      1.27 

9.740 

15 

1,097 

5. 

35.92    34.97 

3.94 

24.43  1 

99.26        1.13 

10.540 

17 

1,167 

6. 

33.79    32.89 

3.71 

28.92 

99.31  i      1.03 

11.000 

22 

1,207 

7. 

31.90  1  31.05 

3.50 

32.90 

99.35        0.934 

1 

10.690 

26 

1,186 

Grig 

inal  weight  of  slag  =  14.4C 

►g- 

The  melting-point  curves  constructed  from  the  data  of  the 
three  series  are  given  in  Figs.  10, 11,  and,  12.  In  Figs.  11  and 
12  the  lower  curve  is  the  melting-point  curve  and  the  upper  one 
is  the  fluidity-curve.  The  curves  are  plotted  on  the  basis  of 
silicate  degree  and  temperature,  a  given  silicate  degree  repre- 
senting a  certain  mixture  of  two  minerals,  one  an  ortho-silicate 
and  the  other  a  m eta- silicate.  The  percentage  of  lime  in  the 
slags  is  also  indicated.  The  preceding  tables  give  the  compo- 
sition of  the  slags. 

From  the  appearance  of  the  curves,  the  series  fall  into  a  type 
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in  which  a  eutectic,  or  mixture  of  a  lowest  melting-point,  oc- 
curs. While  no  petrographic  examination  was  made  of  the 
slags  of  these  series,  they  are  of  similar  composition  and  type 
as  the  reverberatory-slags  discussed  in  Section  II.  of  the  pres- 
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Fig.  11. — Melting-Point  Curve,  Fluidity  Curve,  Second  Serie?. 

ent  paper.  There  seems  but  little  doubt  that  series  III.  is  an 
augite-olivine  one,  while  series  I.  and  II.  are  perhaps  the  same, 
but  more  probably  augite-melilite,  considering  the  amount  of 
alumina  present.     The  silicate  degree  of  the  eutectic  of  series 
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m.  falls  at  about  1.62,  which  is  close  to  what  J.  H.  L.  Vogt 
states  it  to  be  for  a  certain  augite-olivine  series.  The  silicate 
degree  of  the  eutectic  of  series  II.  falls  at  about  1.44,  which 
corresponds  to  what  it  should  be  approximately  for  a  certain 
augite-melilite  series,  according  to  the  same  authority.     It  will 
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Fig.  12. — Melting- Point  Curve,  Fluidity  Curve,  Third  Series. 
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be  noted  that  the  total  of  the  constituents  of  the  slags  in  series 
I.  adds  up  to  but  96.5  per  cent.  It  is  probable  that  in  these 
slags  some  magnetite  is  still  present,  which  has  the  effect  of  in- 
creasing the  silicate  degree  above  that  calculated.  This  will 
displace  the  curve  to  the  left  in  Fig.  9.     That  this  should  be 
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done  is  perhaps  apparent  when  it  is  noted  that  no  maximum  is 
reached  in  this  curve  at  a  silicate  degree  of  1,  as  is  done  in 
series  II.  and  III.  A  maximum  is  expected  at  this  point  in  a 
series  of  this  type,  for  here  occurs  one  of  the  end-members  of 
the  series,  viz.,  either  olivine  (lime-iron  olivine)  or  melilite. 

The  other  maximum  occurs  at  a  silicate  degree  of  2,  or  the 
augite  end.  It  is  also  very  probable  that  in  series  I.,  the  first 
one  to  be  worked  out,  the  eutectic  was  missed,  and  is  located 
between  slags  1  and  2.  That  this  is  so  is  perhaps  apparent 
when  series  II.  is  considered,  which  was  worked  out  with  much 
smaller  addition  of  limestone  in  this  region.  On  this  assump- 
tion the  melting-point  curve  for  series  I.  is  replotted  in  dotted 
lines  in  Fig.  13,  with  the  melting-point  curves  of  the  other  two 
series. 

Discussion  of  Results. — ^From  an  inspection  of  the  curves  in 
Fig.  13  and  the  composition  of  the  slags  given  in  the  preceding 
tables,  it  is  apparent  that  the  slags  of  lowest  melting-points  lie 
roughly  between  a  silicate  degree  of  1.4  and  1.65,  dependent 
upon  the  base  composition.  This  confirms  what  has  long  been 
the  opinion  of  copper-metallurgists.  With  a  given  silicate  de- 
gree, within  the  range  of  1.70  to  1.00,  the  replacement  of  iron 
and  lime  by  some  alumina,  up  to  11  per  cent.,. lowers  the 
melting-point,  as  is  apparent  when  the  curves  of  series  I.  and  11. 
are  compared  with  the  curve  of  series  III.  In  a  given  slag  of 
certain  silicate  degree  within  the  range  specified,  the  replace- 
ment of  iron  by  lime  raises  the  melting-point  somewhat.  This, 
however,  does  not  mean  that  a  pure  ferrous  bisilicate,  for  in- 
stance, has  a  lower  melting-point  than  one  in  which  some  iron 
is  replaced  by  lime,  for  this  condition  would  be  expressed  by 
the  series  hypersthene-augite,  in  which  a  eutectic  may  also 
occur.  It  has  reference  to  series  of  minerals  in  each  of  which 
lime  is  necessarily  present,  as  augite-melilite.  Then  of  two 
slags  each  of  the  same  silicate  degree,  the  one  with  relatively 
more  lime  has  the  higher  melting-point.  The  slags  investi- 
gated have  melting-points  that  lie  between  970^  and  1,220°  C. 
The  slags  of  higher  silicate  degree  have  comparatively  low 
melting-points,  and  that  portion  of  the  curve  to  the  left  of  the 
eutectic,  towards  the  augite  end,  rises  very  gradually.  For  ex- 
ample, slag  No.  16  (Table  III.),  augite  with  some  magnetite,  prac- 
tically a  bisilicate,  has  a  melting-point  of  but  1,037°  C.    It  is, 
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however,  probable  that  the  presence  of  magnetite  lowers  the 
melting-point  of  this  slag  somewhat. 

When,  however,  the  fluidity-curves  are  examined  in  connec- 
tion with  the  melting-point  curves  it  will  be  noted  that  the  gap 
between  the  two  curves  widens  rapidly  as  the  silicate  degree 
increases,  and  while  from  25°  to  40°  of  superheating  is  sufficient 
in  the  vicinity  of  the  ortho-silicate,  from  150  to  175°  is  re- 
quired to  superheat  to  fluidity  at  a  silicate  degree  of  1.5.  By 
consulting  Figs.  11  (high  alumina)  and  12  (low  alumina)  it 
may  be  seen  that  increased  alumina  accentuates  the  gap  greatly, 
and  the  more  highly  aluminous  slags,  due  to  their  great  vis- 
cosity, require  much  superheating  above  the  melting-point  in 
order  to  obtain  enough  fluidity.  It  is  this  phenomenon  which 
makes  high-silica,  higTi-alumina  slags  so  difficult  to  work.  As 
already  noted,  the  minerals  orthoclase  and  albite,  high  in 
alumina  and  silica,  are  extremely  viscous. 

Slags  approaching  near  the  bisilicate  are  looked  upon  with 
suspicion  for  reverberatory-furnace  work  particularly.  Of 
late,  however,  the  incentive  to  make  the  more  highly  siliceous 
slags  has  been  great.  On  the  score  of  formation-temperature 
and  melting-point  nothing  can  be  urged  against  these  slags, 
but  they  do  require  much  superheating,  especially  if  alumina 
rises  above  5  or  6  per  cent.  There  seems  to  be  no  good  reason 
why  they  could  not  be  made  in  furnaces  of  ample  temperature 
reserve,  such  as  the  present  oil-fired  furnaces. 

In  conclusion,  I  desire  to  express  my  cordial  acknowledg- 
ment for  assistance  rendered  in  various  ways  by  Frof.  M.  F. 
Coolbaugh,  W.  A.  Coursen,  and  Floyd  Brooks.  I  am  per- 
mitted to  say  that  part  of  the  work  described  was  carried  out 
for  the  Steptoe  Valley  Smelting  &  Mining  Co.  S.  S.  Soren- 
sen  kindly  furnished  most  of  the  samples  used,  for  which,  and 
for  suggestions  made,  I  express  my  appreciation. 
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Recent  Developments  in  the  Inspection  of  Steel  Rails. 

BY  ROBERT  W.  HUNT,  CHICAGO,  ILL. 
(Cleveland  Meeting,  October,  1912.) 

Perhaps  of  all  the  scientific  economic  questions  which  have 
been  claiming  the  attention  of  capitalists,  metallurgists,  manu- 
facturers, directors  of  public  utilities,  and  the  general  public  of 
America,  during  the  last  few  years,  none  have  been  of  more 
importance  than  the  one  relating  to  the  wear  and  safety  of  steel 
rails. 

The  discovery  of  the  Bessemer  process  made  possible  modern 
railway  development.  In  that  growth,  as  has  generally  hap- 
pened in  all  progressive  movements,  all  its  department  have  not 
remained  equally  balanced.  Iron  rails  permitted  the  construc- 
tion of  roadways  for  the  passage  of  power-driven  vehicles.  In 
time  the  speed  and  weight  of  such  carriages  proved  too  much 
for  the  wearing-qualities  of  the  rails,  and  the  limit  of  rail- 
way capacity  seemed  to  have  been  reached.  Bessemer  made 
his  invention,  which  was  soon  perfected  and  developed,  espe- 
cially as  related  to  steel  rails,  and  thereby  increased  the  limit 
of  capacity,  and  vastly  greater  railway  progress  was  made  possi- 
ble. The  Siemens-Martin  open-hearth  process  followed,  and 
was  later  supplemented  by  the  Thomas-Gilchrist  basic  im- 
provement. 

For  a  time  the  Bessemer  steel  rails  of  commerce  were  more 
than  equal  to  all  that  was  asked  of  them,  but  tliis  did  not 
long  continue,  as  evidenced  by  the  records  in  our  Transactions. 
Revolutionary  changes  occurred  in  the  industrial  world,  and  in 
no  part  of  it  more  than  in  steel-rail  manuf<acture.  Great  and 
powerful  commercial  combinations  were  made,  whose  finan- 
cial resources  made  possible  the  supplanting  of  the  then  most 
eflScient  blast-furnaces,  steel-works,  and  mills,  by  others  of  there- 
tofore unimagined  capacity.  Old  traditions  and  practices  of 
st^el-making  were  wiped  away,  and,  in  too  many  cases,  output 
was  apparently  the  chief  aim,  with  the  result  that  much  dis- 
satisfaction with  the  wear  and  safety  of  rails  was  felt  by  rail- 
way oflScials,  and  the  general  public  was  concerned  as  to  its 
safety  when  traveling.     The  climatic  conditions  of  the^pduteiv> 
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of  1911-12,  extending  over  practically  the  whole  of  Xorth 
America,  were  abnormally  severe.  A  number  of  accidents  oc- 
curred through  which  there  was  intense  suffering  and  appalling 
loss  of  human  life.  Government  investigation  threatened  to 
be  followed  by  government  control. 

The  question  of  chemical  and  physical  specifications  govern- 
ing the  manufacture  of  rails,  and  the  form  and  weight  of  the 
sections,  had  already  been  given,  and  continued  to  receive, 
much  attention  from  committees  of  scientific  societies,  individ- 
ual engineers,  and  metallurgists.  There  was  much  difference 
of  opinion  as  to  the  proper  corrective  action,  but  a  consensus  of 
opinion  that  something  should  be  done,  and  that  quickly.  Sev- 
eral conferences  between  representative  railway  and  steel 
company  officials  were  held,  during  which  it  was  made  manifest 
that  the  desire  existed  on  both  sides  to  treat  the  question  fairly 
and  make  honest  efforts  to  reach  the  best  solution  of  the  diffi- 
culties. There  were  millions  of  dollars  involved,  but  far  beyond 
that  came  the  protection  of  human  life ;  and  something  more 
than  conference  resolutions  was  required. 

It  had  long  been  the  general  custom  for  railways  to  have  their 
rails  inspected  by  their  own  representatives  before  their  delivery 
to  them  by  the  manufacturers.  The  extent  of  this  inspection 
varied  with  different  roads,  but  it  was  generally  limited  to  an  ex- 
amination of  the  rails  after  they  were  finished  and  offered  for 
delivery.  This  embraced  inspection  as  to  accuracy  of  section, 
of  length,  squareness  of  sawing,  correctness  of  drilling,  straightr 
ness  in  line  and  surface,  and  freedom  from  visible  physical  de- 
fects. Most  rail  contracts,  through  specifications,  provided  for 
chemical  composition,  physical  treatment  of  the  ingots,  a  limi- 
tation of  finishing-temperature,  and  physical  testing  of  repre- 
sentative pieces  of  the  rails;  but  the  accurate  carrying  out  of 
such  details  was  largely  left  to  the  employees  of  the  manufac- 
turers, although  practically  all  contracts  specified  that  inspectors 
representing  the  purchaser  should  have  free  access  to  the  works 
of  the  seller  while  the  rails  were  being  manufactured. 

The  foregoing  outlines  the  situation  as  it  was  in  the  early 
part  of  1912,  when  the  chief  executive  officers  of  several  of  the 
principal  American  railway  systems  decided  to  endeavor  to  ob- 
tain better  results  under  their  current  specifications  and  rail- 
sections;  or  at  least  endeavor  to  secure  accurate  data  upon 
which  to  determine  the  actual  cause  of  so  many  rail-failures. 
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They  reasoned  that,  as  the  majority  of  their  rails  did  not  break 
in  service,  and  gave  reasonably  satisfactory  wear,  it  would  seem 
that  the  failures  of  the  lesser  percentage  could  not  be  entirely 
due  to  faultily  proportioned  or  too  light  sections,  poor  road-bed, 
too  heavy  wheel-loads,  or  excessive  speed  of  traffic.  They, 
therefore,  arranged  to  try  a  more  thorough  system  of  inspec- 
tion, by  placing  inspectors  in  each  manufacturing  department 
of  the  rail-plants,  to  be  on  duty  during  all  working-hours.  It 
was  realized  that  the  manufacturers  could  not  be  expected  to 
permit  the  inspectors  to  dictate  how  the  details  of  operation 
should  be  conducted,  or  to  interfere  with  the  men  in  their 
work ;  but  they  were  aware  that  the  workmen  were  paid  for 
work  on  a  tonnage  basis,  which,  of  course,  had  the  effect,  as  it 
was  intended  it  should,  of  making  each  and  every  man  anxious 
to  produce  all  the  output  possible,  and,  moreover,  that  there  was 
not  any  effectual  way  of  connecting  the  quality  of  the  labor  but 
of  a  few  of  the  workmen  with  individual  rails.  Therefore,  the 
instructions  to  the  inspectors  were  to  observe  carefully  all  of  the 
manufacturing  operations  in  the  department  of  the  works  to 
which  they  were  assigned,  and,  if  they  saw  any  serious  variar 
tion  from  the  details  of  the  specifications  under  which  the  rails 
were  contracted  to  be  made,  or  from  the  recognized  good  prac- 
tice of  that  particular  plant,  they  were  at  once  to  call  the  atten- 
tion of  the  foreman  in  charge  of  that  department  to  what  was 
happening,  make  a  record  of  the  fact,  and  also  report  it  to  the 
inspector  in  the  succeeding  department  to  which  the  ingot, 
bloom,  or  rail  would  pass  in  the  progress  of  its  making.  This 
knowledge  would  cause  extra  care  on  the  part  of  the  inspectors 
in  the  observation  of  the  behavior  of  the  metal  in  the  rolls,  at 
the  drop-test,  and  the  most  careful  examination  of  the  finished 
rails  for  defects,  assuming  that  the  heat  of  metal  from  which 
they  were  made  had  successfully  passed  the  prescribed  physical 
tests ;  and  another  important  point  was  to  be  certain  that  the 
rails  were  correctly  marked  as  to  their  heat-numbers  and  re- 
spective locations  in  the  ingots  from  which  they  were  rolled, 
and  that  the  pieces  of  rail  for  drop-testing  were  accurately  taken. 
The  particulars  of  the  inspectors'  observations  were  to  be  re- 
ported in  writing  to  the  proper  officer  of  the  purchaser,  and  in 
any  case  of  neglect  of  duty  or  bad  work,  the  fact  was  to  be  given 
in  writing  to  the  official  in  charge  of  the  works,  thereby  afford- 
ing  an  opportunity  for  immediate  investigation,  and^  be  a 
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check  on  the  judgment  and  fairness  of  the  inspector  making 
the  report. 

It  was  believed  that  the  moral  effect  on  the  workmen  of 
knowing  that  their  individual  responsibility  and  association 
with  a  heat  of  steel,  and  the  rails  made  from  it,  did  not  cease 
with  its  passage  from  the  department  in  which  they  were  em- 
ployed, or  being  shipped  from  the  works,  would  tend  towards 
their  more  careful,  and,  therefore,  better,  work. 

The  engineering  staff  of  all  large  railway  systems  keep  rec- 
ords of  the  results  obtained  from  the  rails  used,  and  if  possess- 
ing such  data  as  would  come  from  the  foregoing  described  plan, 
it  would  be  possible  to  trace  the  creative  history  of  rails,  should 
they  have  failed,  or,  better  still,  given  satisfactory  service. 

When  the  plan  of  the  greater  inspection  was  presented  to  the 
rail-makers,  they,  with  scarcely  an  exception,  accepted  it  cheer- 
fully, and  why  not  ?  They  desired  to  produce  good  rails,  and 
wanted  to  do  so  with  profit  to  their  stock-holders.  They  paid 
their  workmen  for  faithful  and  intelligent  service,  and,  in  the 
long  run,  it  is  always  more  economical  to  do  things  right  than 
wrong.  By  the  placing  of  extra  inspectors  in  their  works,  they 
were  given  that  many  additional  monitors  over  their  men  with- 
out cost  to  their  companies. 

The  plan  calls  for  placing  men  on  day-  and  night- service  in 
the  steel-producing  departments ;  in  the  blooming-mill ;  in  the 
rail-mill,  and  in  charge  of  the  drop-testing ;  also  from  4  to  5 
men  on  the  finished  rails;  making  a  total  of  from  12  to  X5  in- 
pectors  at  each  plant.  This  inspection  is  now  used  by  33  railway 
systems,  operating  more  than  122,000  miles  of  track,  and  up  to 
Oct.  1,1912,  more  than  660,000  tons  of  rails  have  been  shipped. 
The  plan  is  working  with  but  little  friction,  and  is  proving  so 
satisfactory  that  it  will  undoubtedly  be  adopted  by  other  rail- 
way systems.  It  places  the  companies  using  the  plan  in  the 
strong  position  of  using  their  best  efforts  to  protect  the  travel- 
ing public. 

Naturally,  the  inauguration  of  so  much  detail  and  the  assem- 
bling of  so  large  a  corps  of  men,  as  each  and  all  of  the  15  rail- 
mills  of  the  United  States  and  Canada  had  to  be  covered,  in- 
volved much  labor  and  some  change  in  the  personnel  of  the 
corps,  and  alterations  of  and  additions  to  the  forms  used  in 
making  the  reports.  I  append  as  a  matter  of  information  and 
record  a  complete  set  of  the  forms  now  being  used  in  the  work. 
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SUBJECT   TO  REVISION. 

[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


The  Concentration  of  Iron-Ores. 

BY  N.  V.  HANSELL,    NEW  YORK,  N.  Y. 
(Cleveland  Meeting,  October,  1912.) 

I.  General. 

The  preparation  of  low-grade  iron-ores  by  concentration, 
whether  or  not  followed  by  an  agglomeration  of  the  concentrate, 
has  in  the  United  States  only  recently  been  recognized  as  a  me- 
tallurgical process  of  vast  economical  importance  for  its  iron  in- 
dustry. This  importance  of  the  process  lies  not  only  in  the  fact 
that  it  makes  possible  the  use  of  ores  heretofore  discarded  on 
account  of  their  low  iron-content  or  their  too  high  percentage  of 
elements  deleterious  in  the  iron  industry,  but  also  in  its  produc- 
tion of  a  raw  material  for  the  blast-furnace  that  is  more  uniform 
in  its  physical  character  and  chemically  purer,  with  a  higher 
iron-content,  than  the  general  run  of  natural  ores.  When  mixed 
in  the  burden  of  the  furnace,  it  lowers  the  amount  of  coke  and 
iluxing-stone  required  per  ton  of  pig-iron  produced.  The  furnace- 
operations  become  more  regular  and  more  easily  controlled.  The 
pig-iron  is  of  higher  quality  and  more  uniform  in  character.  In 
brief,  it  is  becoming  recognized  that  the  beneficiating  of  the 
natural  iron-ore,  even  if  it  makes  the  furnace-ore  higher  in  cost 
per  unit  of  iron  entering  into  the  burden,  may  mean  a  lower- 
ing of  the  production-cost  of  the  pig-iron  and  an  improved 
product. 

At  the  present  time,  the  Lake  Superior  district  furnishes 
about  80  per  cent,  of  all  the  iron-ore  yearly  produced  in  the 
United  States.  If  the  Southern  States  are  exempted  the  per- 
centage runs  as  high  as  93  per  cent.  These  ores  are  showing 
a  steady  decrease  in  grade  from  year  to  year.  For  the  past  10 
or  15  years  this  falling  off  in  the  average  grade  has  been  about 
0.5  per  cent,  a  year.  The  lowered  grade  of  ore  means  an  in- 
creased consumption  of  ore,  fuel,  and  flux  per  ton  of  pig-iron, 
v^^hich  in  its  turn   causes  an  increase  in  labor,  relining,  and 
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overhead  costs  (per  ton  of  pig),  due  to  decreased  output  per  day. 
Writing  of  Pittsburg  conditions  as  to  grade  of  flux  and  coke, 
Edwin  C.  EckeP  says  in  a  recent  paper  that  a  decrease  of 
5  per  cent,  in  the  iron-content  of  the  ore  involves  the  additional 
use  of  about  0.17  ton  of  ore,  0.12  ton  of  coke,  and  0.86  ton 
of  fluxing-stone  per  ton  of  pig-iron  produced.  Using  these  data 
and  inserting  approximate  current  prices  for  the  three  raw 
materials,  it  vnll  be  found  that  a  drop  in  ore-grade  from  50  to 
45  per  cent,  brings  with  it  an  increase  in  cost,  for  raw  mate- 
rials alone,  of  about  $1.25  per  ton  of  pig-iron.  When  the  other 
elements  of  cost,  which  also  increase  as  the  ore-grade  lowers, 
are  considered,  the  total  increase  becomes  still  more  serious. 
Mr.  Eckel  draws  the  conclusion  that  it  seems  safe  to  assume 
that  the  cost  of  pig-iron  will  increase  at  the  rate  of  between  25 
and  50  cents  per  ton  for  each  decrease  of  1  per  cent,  in  the  av- 
erage iron-content  of  the  ores  to  be  used. 

Considering  these  facts,  notwithstanding  the  increasing  ton- 
nage of  fairly  high-grade  ores  that  is  being  imported,  it  seems 
reasonable  to  presume  that  the  demand  for  high-grade  concen- 
trates to  be  used  as  an  intermixture  with  low-grade  ores  in  pre- 
paring the  furnace-burden  soon  will  make  itself  apparent  in  a 
willingness  on  the  part  of  the  ore-consumers  to  pay  the  higher 
price  that  the  concentrated  product  must  command  on  account 
of  the  cost  of  its  preparation  beyond  the  mere  mining-cost.  The 
higher  cost  per  unit  of  iron  in  the  burden  will  be  counter- 
balanced by  the  lowering  of  the  cost  of  the  furnace-operations, 
the  increased  output  of  the  furnace,  and  the  higher '  quality  of 
the  pig-iron  produced. 

This  broader  aspect  of  the  problem  gives  us  the  right  view- 
point from  which  to  consider  the  advisability  of  purifying  an 
iron-ore  before  charging  it  into  the  blast-furnace  rather  than 
during  the  smelting-operation  itself. 

The  object  of  concentrating  ores  is  generally  to  enrich  their 
metallic  content  by  reducing  the  percentage  of  gangue-minerals 
inherent  in  the  natural  ore.  With  iron-ores,  this  may  not  al- 
ways be  the  chief  purpose,  as  sometimes  it  is  found  advisable 
to  concentrate  ores  with  an  iron-content  sufficiently  high  for 
ordinary  blast-furnace  practice,  the  reason  for  the  treatment 


*  Iron  Ore  Keserves,  Engineering  Magazine^  vol.   xliii.,  No.  6,  p.  835  (Sept., 

1912). 
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being  the  necessity  of  reducing  the  percentage  of  elements  gen- 
erally objectionable  for  the  iron  industry,  such  as  sulphur,  phos- 
phorus, copper,  titanium,  etc.  The  enrichment  of  the  iron-con- 
tent is  then  merely  incidental. 

Not  all  iron-ores  are  amenable  to  concentration  in  the  pres- 
ent state  of  the  art  unless  there  are  included  under  this  general 
heading  such  metallurgical  processes  as  the  roasting  of  siderites 
or  the  nodulizing  of  Cuban  limonites,  both  of  which  processes 
increase  or  concentrate  the  iron-content,  and  possibly  also  so- 
called  metallizing  processes — still  in  their  experimental  state — 
by  which  it  has  been  claimed  it  is  possible  to  handle  those  low- 
grade,  close-grained,  hard  hematites  of  the  Ranges  with  the  sil- 
ica so  closely  combined  with  the  iron-mineral  as  to  be  signifi- 
cantly described  as  "  silica  poisoned,"  that  to  this  date  have  de- 
fied all  usual  methods  of  concentration.  Excluding  in  our 
present  discussion  such  special  processes,  we  may  say  that  the 
basic  principles  of  iron-ore  concentration  are  well  recognized 
and  its  limitations  well  known. 

The  various  methods,  then,  which  are  at  present  commercially 
used  in  the  United  States  in  the  concentration  of  iron-ores,  can 
be  classified  as  follows : 

1.  Washing  of  brown,  clayey  ores  and  sandy  hematites,  usu- 
ally without  previous  crushing. 

2.  Wet-separation  on  jigs  and  tables  of  hard  hematites,  after 
crushing  and  sizing. 

3.  Dry-separation  of  hematites. 

4.  Magnetic  separation  of  magnetites  (and  in  a  few  cases 
mixed  magnetites  and  hematites)  by  either  dry  or  wet  methods. 

My  intention  in  the  present  paper  is  not  to  describe  in  detail 
the  different  processes  and  the  equipment  used  in  the  various 
plants  in  the  United  States,  but  to  try  to  show  more  broadly 
the  present  status  of  the  art  and  the  possibilities  for  further  de- 
velopment. 

As  can  be  concluded  from  the  classification  of  the  processes, 
the  choice  of  method  depends  almost  entirely  on  the  character 
of  the  crude  ore.  The  degree  of  refinement  to  which  the  pre- 
paration of  the  ore  is  carried  in  each  separate  case  is  influenced 
by  such  other  factors  as  the  comparative  merchantable  value 
of  a  higher  or  lower  grade  of  product  and  its  relation  to  the 
cost  of  production ;  the  distance  from,  and  the  nature  of,  the 
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market ;  the  possibilities  of  selling  the  tailings-product  or  of 
obtaining  from  it  some  valuable  by-product,  like  copper  or 
apatite,  or  else  the  cost  of  its  disposal ;  the  handling  of  the 
water,  if  a  wet  method  is  selected,  etc.  The  type  and  character 
of  the  ore  is,  however,  the  main  consideration.  ,  In  contem- 
plating this,  it  is  soon  found  that  it  is  seldom  that  ores  from 
different  deposits  are  entirely  alike  in  physical  respects.  A 
method  found  very  successful  for  the  beneficiating  of  one  ore 
has  to  be  considerably  modified  in  order  to  give  satisfaction  in 
the  treatment  of  another  ore  apparently  quite  similar. 

A  few  remarks  on  the  proper  method  of  investigating  the 
ore  in  connection  with  the  determination  of  the  method  of  en- 
riching it  are  therefore  pertinent  before  an  attempt  is  made  to 
describe  the  various  methods  as  they  have  been  worked  out  in 
the  United  States.  Preceding  this  description  of  the  difference 
between  the  processes,  some  attention  will  also  be  given  to 
recent  developments  in  ore-crushing,  which  enters  as  an  im- 
portant part  of  every  installation  of  this  kind,  with  the  possi- 
ble exception  of  washing  processes  for  clayey  ores. 

As  in  every  ore-concentration  problem,  the  first  step  towards 
arriving  at  the  best  method  to  use  is  a  careful  investigation  of 
the  ore  in  the  field  and  in  the  laboratory,  followed  by  practical 
crushing-  and  concentrating-tests  in  the  testing-plant.  The 
general  structure  of  the  ore  is  studied,  the  mineral  form  of  the 
metal-bearing  constituents  and  the  gangue-minerals  is  de- 
termined, as  is  also  the  size  of  the  mineral  grains,  and  the  way 
they  are  attached  to  each  other.  Before  a  separation  of  the 
various  grains  can  be  made,  they  have  to  be  freed  from  each 
other  by  crushing  or  otherwise,  so  that  the  difierence  in  their 
physical  qualities — specific  gravity,  magnetic  permeability,  etc. — 
can  be  taken  advantage  of  in  their  separation.  Valuable 
information  for  the  determination  of  the  most  eflicient  and 
economical  method  for  the  comminution  of  the  ore  to  the  right 
degree  of  fineness  for  the  separation  can  be  procured  in  these 
preliminary  investigations  by  a  microscopic  study  of  character- 
istic thin  sections.  It  gives  a  correct  knowledge  of  the  min- 
eralogical  composition  of  the  ore,  which  otherwise  may  be  dif- 
ficult to  obtain  in  finely  granulated  and  closely  intermixed 
ore-samples.  It  will,  for  instance,  give  an  explanation  of  the 
high  iron-content  in  the  tailings-product  of  an  ore  with  gangue- 
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minerals  consisting  of  iron  silicates  high  in  iron.  The  percent- 
age of  iron  in  such  minerals  varies  greatly  in  specimens  from 
different  localities,  as  investigations  by  Prof.  W.  Petersson  ^  in- 
dicate. In  amphibole,  for  instance,  he  found  from  2.11  to  16.50,^ 
with  an  average  in  samples  from  nine  sources  of  8.76  per  cent. ; 
in  pyroxene,  from  3.05  to  12.00,  with  an  average  in  six  samples 
of  9.2  per  cent. ;  in  garnet,  from  17.45  to  21.50  per  cent.,  and 
so  on. 

Again,  the  study  of  the  microsection  may  indicate  that  there 
is  an  appreciable  amount  of  hematite  intermixed  with  the  mag- 
netite, making  the  iron-recovery  by  magnetic  separation  unsat- 
isfactory. It  will  show  how  the  ilmenite  and  magnetite  occur 
in  a  titaniferous  ore  and  what  may  be  the  possibility  of  sepa- 
rating them.  It  will  clearly  establish  how  the  sulphur-  and 
phosphorus-carrying  minerals  are  intermixed  with  the  rest  of 
the  aggregate,  and  thereby  give  data  helpful  in  determining 
how  fine  to  crush  the  ore  in  order  to  make  possible  their  elimi- 
nation in  the  separation. 

Figs.  1,  2,  and  3  show  photographs  of  three  such  thin  sec- 
tions enlarged  16  times.  In  these  the  opaque  or  black  parts 
are  the  magnetite;  the  more  or  less  grayish,  various  iron  sili- 
cates ;  and  the  white,  chiefly  quartz. 

Fig.  1  is  a  coarsely  crystalline  gneiss  carrying  magnetite 
from  an  ore-occurrence  in  the  northern  Adirondacks,  N.  Y. 
The  minerals  are  all  in  allotriomorphic  grains,  with  quartz  and 
pyroxene  forming  the  largest  part  of  the  sample.  The  magne- 
tite is  in  grains  of  all  shapes  and  sizes,  and  forms,  seemingly, 
the  cementing-material  between  the  rest  of  the  aggregate.  A 
crushing  to  J  in.  will  permit  a  clean  separation. 

Fig.  2  illustrates  a  bedded  magnetite  consisting  of  alternating 
layers  with  either  quartz  or  magnetite  predominating.  The 
magnetite  occurs  in  well-developed  crystals,  and,  although  the 
ore  has  to  be  ground  fine  for  separation,  it  will  give  clean, 
high-grade  products.  The  sample  is  from  an  eastern  Mcsabi 
de])Osit. 

Fig.  3  is  a  sample  of  an  amorphous  hematite  bedded  alter- 
nately with  micro-crystalline  quartz.  The  sample  is  from  east- 
ern Vermillion  and  characteristic  of   several   deposits  there. 

'^  Jern-Kontore(8  Annaler,  vol.  Iviii.,  p.  3o9  (1903). 
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Fig.  1.— Cbtbtalxiitk  Gnei.«s  ani»  MAtiNrriTE. 


Fig,  2.— Quartz  akd  Maonitite. 


Fio.  3.— QuAETZAXD  Hkii^atite* 
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They  crush  more  than  1,000  tons  per  hr.  The  percentage  of 
idle  time  would  therefore  be  considerable,  which  would  make 
the  crushing-cost  high,  inasmuch  as  they  consume  a  large 
amount  of  power,  whether  running  light  or  operated  to  their 
full  capacity. 

Regardless  of  the  type  of  crusher  that  has  been  selected  as 
the  initial  crushing-apparatus  of  the  plant,  it  is  evident  that  it 
ought  to  be  of  sufficiently  large  size  to  take  the  largest  piece 
that  can  be  economically  loaded  and  brought  to  it.  It  has 
opened  the  way  for  steam-shovel  loading  in  open  quarries,  with 
its  many  contingent  economies.  Block-holing  is  eliminated. 
The  stopes  can  be  carried  higher.  The  drilling-  and  blasting- 
expense  is  greatly  reduced.  It  also  creates  a  greater  independ- 
ence of  labor-conditions  by  considerably  decreasing  the  num- 
ber of  men  needed  in  the  quarry. 

The  rule  is,  then,  that  the  first  crusher  must  take  any  stone 
that  the  shovel  can  load.  For  a  jaw-crusher  this  means  a  re- 
ceiving opening  of  at  least  48  by  60  in.  in  size.  Some  recent 
installations  are  using  sizes  ranging  up  to  60  by  84  in.,  an  enor- 
mous machine  that  can  take  almost  anything  that  the  largest 
steam-shovel  can  lift  into  a  car. 

The  preliminary  crusher  usually  breaks  the  ore  to  a  size  of 
about  8  in.  It  is  followed  by  secondary  crushers  of  either  type, 
screens,  and  other  machinery;  the  crushing-plant  being  laid 
out  as  an  ordinary  stone-crushing  plant  with  a  gradual  reduc- 
tion of  the  ore  to  1.5  in.  To  this  point,  the  handling  of  all 
kinds  of  hard  ore  is  alike,  regardless  of  the  method  that  has  been 
selected  for  the  subsequent  treatment,  based  on  tbe  study  of 
the  ore  itself  and  the  results  obtained  in  tests. 

In  this  subsequent  treatment,  the  concentration  is  generally 
designated  as  coarse  or  fine,  two  relative  terms  indicating 
whether  the  particles  to  be  separated  in  the  final  stage  of  the 
process  are  coarse  as  sand  or  gravel  or  fine  as  slime.  Whenever 
it  is  possible,  coarse  concentration  is  preferable,  as  it  represents 
economy.  As  will  be  shown  later,  it  is  often  combined  with 
fine  concentration,  by  which  the  middlings  and  tailings  obtained 
by  it  are  re-treated. 

These  general  remarks  appertain  to  the  concentration  of  any 
low-grade  iron-ore,  althfiugh  only  more  indirectly  to  the  wash- 
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ing  of  brown  ores  or  sandy  hematites,  in  which  process  a  crush- 
ing of  the  crude  ore  is  not  generally  required. 

m.  Washing. 

The  washing  of  brown  ores  and  sandy  hematites  has  been 
employed  for  many  years  in  the  South :  in  Georgia,  Virginia, 
Alabama  and  elsewhere.  Taking  Georgia  as  an  instance :  the 
ore  is  found  in  the  form  of  boulders  and  nodules  in  residual 
clays,  and  the  proportion  it  bears  to  the  entire  material  varies 
greatly.  The  concentrating  process  is  simple  and  the  plants  in 
the  South  do  not  often  involve  any  large  outlay  of  money.  A 
log-washer  followed  by  shaking-screens  or  trommels,  with  pick- 
ing-belts for  the  oversize  and  jigs  for  the  lines,  constitutes  the 
usual  equipment  of  the  washing-plant.  The  slime  is  generally 
wasted  without  any  attempt  being  made  to  recover  its  iron-con- 
tent. The  average  iron-content  of  the  concentrate  is  probably 
between  40  and  46  per  cent.,  although  at  places  it  may  run  as 
high  as  56  per  cent.  Generally,  from  3  to  4  tons  of  wash  mar 
terial  is  handled  for  1  ton  of  clean  washed  ore. 

The  peculiar  development  of  the  iron  industry  of  the  South 
makes  the  process  well-suited  to  the  conditions.  The  iron-ores 
are  abundant  and  cheap,  and  the  blast-furnaces  are  generally 
placed  in  close  proximity  to  the  mines.  The  ores  often  contain 
a  considerable  amount  of  lime  with  the  silica,  so  that  there  is 
no  great  incentive  to  make  a  product  of  very  high  iron- 
content.  The  proper  field  for  improvements  in  the  process 
lies  therefore  in  recovering  part  of  the  iron  which  now  is 
wasted  with  the  slime  and  the  fines.  It  is  reported  that 
tests  are  being  made  with  this  point  in  view  with  reciprocating- 
tables.  Experiments  are  also  being  carried  on  at  several 
places  with  magnetic  separators. 

On  the  western  Mesabi  an  experimental  plant  along  similar 
lines  was  erected  by  the  Oliver  Iron  Mining  Co.  in  1907,  to 
determine  the  most  economical  way  of  treating  the  low-grade 
sandy  hematites  of  the  district.  These  lean  ores  occur  as  layers 
of  hard  hematite  and  free  sand,  alternating  with  paint-rock  and 
taconite  in  varying  amount.  The  results  of  the  experiments 
were  so  satisfactory  that  a  couple  of  years  later  a  large  per- 
manent washery  was  built,  which  began  working  in  the  spring 
of  1910,  and  has  since  been  in  continuous  operation.    The  plant 
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consists  of  a  number  of  parallel  units,  each  with  a  capacity  of 
about  200  tons  of  crude  ore  per  hour.  The  principle  of  the 
treatment  is  the  same  as  in  the  small  washeries  of  the  South, 
but  the  concentration  is  carried  further,  inasmuch  as  the  over- 
flow from  the  log-washers  is  concentrated  on  Overstrom  tables 
for  the  recovery  of  a  part  of  its  iron-content.  No  crushing  is 
done,  because  most  of  the  large  pieces  are  either  good  ore  or 
taconite,  which  is  picked  out  on  the  picking-belts.  A  similar 
plant  has  recently  been  put  in  operation  by  the  Wisconsin  Steel 
Co.  at  Nashwauk,  Minn.,  to  serve  the  Hawkins  mine  on  the 
Mesabi  range.  It  also  is  built  on  the  "  unit "  system,  each 
unit  consisting  of  a  grizzly  with  bars  spaced  9  in.  apart,  a  trom- 
mel with  2-in.  perforations,  a  picking-belt  for  the  oversize 
from  the  trommel,  and  two  log-washers,  for  the  undersize. 
The  overflow  from  the  log-washers  is  thickened  in  settling- 
tanks,  and  re-treated  in  auxiliary  washers.  No  tables  are  em- 
ployed. The  present  total  capacity  of  the  plant  is  about  4,000 
tons  daily. 

The  introduction  of  this  system  of  washing  ore  on  the  Mesabi 
range  is  making  it  possible  to  utilize  profitably  the  vast  deposits 
of  low-grade  sandy  iron-ore  found  in  various  parts  of  the  range. 
This  ore  as  it  comes  from  the  mines  runs  from  35  to  50  per 
cent.  The  iron-content  of  the  concentrate  is  from  58  to  62 
per  cent. 

IV.   JiGGINa. 

Low-grade  specular  hematites,  in  at  least  two  places  in  Can- 
ada, are  concentrated  on  jigs  after  having  been  crushed  and 
screened  along  the  usual  lines  employed  in  the  wet  method  of 
concentrating  ores  by  gravity.  No  attempt  is  made  to  produce 
a  high-quality  product,  the  object  of  the  treatment  being  to 
reduce  the  silica  and  obtain  an  ore  of  a  guaranteed  iron-con- 
tent with  a  minimum  amount  of  fines.  The  crushing  is  there- 
fore not  carried  further  than  to  about  1.5-in.  pieces.  A  draw- 
back is  the  relatively  large  percentage  of  iron  in  the  waste, 
which  is  unavoidable  on  account  of  there  being  no  recrushing 
of  jig-tailings.  The  recovery  of  this  iron  would  require  a  fine 
crushing  of  the  tailings,  with  a  separation  on  sand-jigs  and 
tables.  The  resultant  product  would  be  fine  concentrates  that 
would  probably  have  to  be  agglomerated  before  shipment. 

[10] 


Digitized  by 


Google 


THE   CONCENTRATION    OP   IRON-ORBS.  1507 

The  concentration  of  low-grade  hematites  and  brown  ores 
by  jigging  will  undoubtedly  be  more  used  in  the  future.  It  is 
only  relatively  recently  that  large  jigs  have  been  constructed 
that  can  handle  ores  crushed  only  to  1.5  or  2  in.  in  size. 

An  interesting  development  in  this  connection  is  the  Wood- 
bury system  of  concentration,  which  is  used  extensively  in  the 
mills  of  the  Lake  Superior  copper  country,  and  which  seems 
well-suited  for  the  treatment  of  low-grade  hematites.  The  ore 
is  fed  unsized  to  a  plunger-jig  so  arranged  that  the  flow  of  ore 
travels  across  the  jig  together  with  the  water-currents  caused 
by  the  plunger-impulse.  The  jig  acts  as  a  classifier,  and  delivers, 
besides  coarse  concentrates,  hutch-sand,  that  may  be  re-treated 
on  tables,  middling  for  regrinding,  and  slime,  approximately  60- 
mesh  and  finer,  for  subsequent  treatment  on  tables.  The  24-in. 
classifying-jig  has  a  stated  capacity  of  250  tons  per  24  hr.  of 
unclassified  ore,  crushed  small  enough  to  pass  f-in.  round 
hole.  The  48-in.  machine  treats  500  tons  per  24  hr.  The 
classifying-jig  is  generally  followed  by  several  compartments  of 
Woodbury  jigs  to  complete  the  separation  of  concentrates, 
middlings,  and  tailings.  The  system  greatly. simplifies  the  lay- 
out of  a  mill. 

The  great  capacity  of  the  modern  jigging-machinery  is  an 
illustration  of  the  rule  that  nowadays  things  have  to  be  done 
in  a  large  scale  in  order  to  be  done  effectively  and  profitably. 

V.  Dry  Concentration. 

Before  passing  to  the  description  of  the  magnetic  con- 
centration of  iron-ores,  a  few  words  ought  to  be  said  about 
the  dry  process  for  the  enrichment  of  "  non-magnetic  "  iron- 
ores.  There  is,  in  the  first  place,  the  straight  drying  process  as 
used  at  the  Hollister  mine  in  the  Crystal  Falls  district,  Mich., 
and  at  the  Brunt  mine  on  the  Mesabi  range,  the  purpose  of 
which  is  a  reduction  in  hygroscopic  moisture  of  the  ore,  chiefly 
in  order  to  lower  the  freight-charges.  The  Hollister  ore  as- 
says 49  per  cent,  of  iron,  net.  It  contains  from  13  to  14  per 
cent,  ot  hygroscopic  moisture.  By  the  drying  this  moisture  is 
lowered  to  6  or  7  per  cent,  and  the  iron  increased  correspond- 
ingly- 

There  is  also  the  E.  G.  Goltra  process,  which  is  developed 
on   a   commercial   scale   at  Wankon,  Iowa.     Letters   patent, 
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recently  published,  by  which  the  process  is  protected,  describe 
it  as  follows :  **  The  ore  and  its  gangue  are  heated  at  a  tem- 
perature and  for  a  period  sufficient  to  render  the  gangue  brit- 
tle and  easily  separable  from  the  ore.  The  ore  and  its  gangue 
are  tumbled  to  shake  loose  the  gangue  from  the  ore,  and  the 
ore  and  gangue  are  subjected  to  a  strong  air-blast  so  as  to 
sweep,  clean  and  remove  the  gangue  from  the  ore."  In  re- 
gard to  the  practical  application  of  the  principle  and  the 
economical  results  obtained  nothing  has  yet  been  published. 
It  is  known,  however,  that  the  drying-  and  calcining-furnace 
is  similar  to  a  nodulizing-f  urnace  with  the  exhaust-fan  at  the 
charging-end.  The  discharged  dry  ore  is  screened.  The 
oversize  is  cobbed  by  hand  on  a  picking-belt.  A  part  of  the 
fines  is  concentrated  on  air-tables. 

The  Goltra  process  is  probably  best  adapted  to  treat  ores 
containing  chiefly  clayey  gangue-constituents. 

Air-tables  have  a  limited  use  elsewhere  in  connection  with 
the  separation  of  dried  finely-granulated  hematites.  They  cor- 
respond to  the  shaking-tables  used  in  the  wet  mills,  and  usually 
have  a  similar  reciprocating,  differential  movement.  The  table- 
top  is  made  of  broad-cloth  through  which  air  is  pressed  either 
in  a  steady  or  a  pulsating  current. 

At  the  briquetting-plant  for  flue-dust  at  Duquesne,  Pa.,  such 
tables  are  used  to  re-treat  the  non-magnetic  product  from  mag- 
netic separators.  They  deliver  hematite  as  concentrates  and 
coke  and  lime-dust  as  tailings. 

VI.  Magnetic  Separation. 

Magnetic  separation  is  applied  to  iron-ores  which  are  natu- 
rally magnetic.  It  may  also  be  profitably  used  for  such  ores  as 
can  cheaply  be  converted  into  a  magnetic  state. 

The  magnetite  is  strongly  magnetic,  i.e.,  highly  permeable  to 
the  lines  of  magnetic  force.  Introduced  in  a  magnetic  field  it 
becomes  itself  a  magnet,  that  is  attracted  to  the  magnetic  poles 
from  which  the  lines  of  force  emanate.  This  causes  the  separa- 
tion from  the  gangue-minerals,  which  as  a  rule  are  influ- 
enced only  slightly,  if  at  all,  by  the  magnetic  flux.  The  mag- 
netic separation  is  simple  and  efficient  and  is  the  only  method 
now  used  for  the  enrichment  of  low-grade  magnetites. 

he  hematite  is  relatively  weakly  magnetic,  ?.e.,  in  a  magnet- 
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ic  field  it  concentrates  within  itself  but  few  lines  of  force.  It 
can  be  separated  from  its  gangue-rainerals  only  by  being  ex- 
posed to  a  very  strong  and  concentrated  magnetic  field.  Ma- 
chines designed  for  such  weakly  magnetic  ores,  although 
expensive  in  first  cost  and  with  rather  small  capacity  when 
compared  with  separators  for  magnetite,  will  probably  gradually 
be  developed  to  commercial  usefulness  for  hematites.  What  is 
particularly  needed  is  a  separator  that  can  treat  efficiently  the 
overflow  and  slime  from  log-washers  or  hematites  ground  fine 
in  water.  It  is  probable  that  the  evolution  lies  in  this  direction 
rather  than  in  a  conversion  of  the  hematite  into  a  magnetic  ox- 
ide by  heating  in  a  reducing  atmosphere. 

Siderites  give  off  carbonic  acid  when  roasted  at  a  temperature 
of  only  300°  C.  and  form  a  substance  having  the  approximate 
composition  of  FcjO^.  They  can  then  be  separated  as  natural 
magnetic  iron-ores.  There  is  undoubtedly  a  field  to  cultivate 
in  this  direction  in  many  parts  of  the  United  States. 

The  concentration  of  low-grade  magnetites  on  magnetic 
separators  is  used  at  present  to  a  relatively  large  extent  for  con- 
verting into  a  marketable  blast-furnace  ore  the  magnetic  iron- 
ores  of  the  East,  which  seldom  occur  sufficiently  high  in  iron 
to  be  smelted  in  their  crude  state.  A  number  of  plants  are  in 
operation  in  the  States  of  New  York,  New  Jersey,  Pennsylvania, 
and  North  Carolina,  and  in  eastern  Canada ;  some  of  them  are 
well-known  in  their  various  details  from  recent  descriptions  in 
technical  journals.  The  different  methods  employed  at  these 
works  can  advantageously  be  divided  into  the  following  three 
classes : 

1.  Coarse  crushing  with  cobbing. 

2.  Fine  crushing  with  dry  separation. 

3.  Crushing  with  fine  grinding  and  wet  separation. 

1.  Cobbing. — If  it  has  been  found  that  the  ore  when  broken 
to  1.5  or  even  to  0.5  in.  in  size  contains  a  large  percentage  of 
reasonably  pure  magnetite,  it  can  be  separated  into  two  pro- 
ducts, of  which  the  one  may  be  a  saleable  furnace-ore.  The 
other  is  either  a  waste  product  so  low  in  its  iron-content  that 
it  would  not  pay  to  fine-crush  it  in  order  to  recover  this  iron  or 
a  low-grade  material  that  is  ground  finer  and  concentrated. 

This  separation  of  coarsely-crushed  ores  is  called  "  cobbing," 
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the  magnetic  cobber  being  substituted  for  the  hand  cobbing  on 
picking-belts  sometimes  used  for  non-magnetic  ores. 

Cobbing-separators,  therefore,  like  picking-belts,  are  often 
used  in  magnetic  separating-plants  as  an  intermediate  step  for 
reducing  the  amount  of  ore  that  has  to  be  fine-ground.  There 
are  two  ways  by  which  this  can  be  accomplished,  i.e.y  either  by 
picking  out,  as  mentioned,  the  rich  ore-pieces  by  the  use  of  a 
somewhat  weak  magnetic  field  in  the  cobbers  or  by  the  elim- 
ination of  pieces  of  rock.  In  the  latter  case  a  stronger  field  is 
used  so  that  all  pieces  containing  sufficient  iron  to  make  them 
worth  fine-grinding  are  recovered  as  the  head-product.  Some- 
times, the  plant  is  laid  out  with  an  initial  cobber  operated  with 
low  amperage,  producing  a  rich  furnace-ore.  This  is  followed  by 
a  secondary  machine  with  a  stronger  magnetic  field  by  which 
pure  rock  pieces  are  discarded.  The  rest,  being  a  middlings 
product,  is  reduced  in  size  and  re-treated. 

2.  Dry  or  Wet  Magnetic  Separation. — By  the  dry  method,  the 
aim  is  to  produce  as  coarse  a  concentrate  as  is  consistent  with, 
a  clean  separation  and  a  satisfactory  recovery.  The  procedure 
is  therefore  gradually  to  reduce  the  ore  to  the  right  degree  of 
fineness.  Each  crushing-machine  is  followed  by  a  screening-de- 
vice so  that  undersized  particles  can  be  taken  out  and  not  sub- 
jected to  further  comminution.  Drying  the  ore  is  required 
both  on  account  of  the  difficulty  of  screening  damp  material 
and  because  dry  separators  give  good  results  with  clean  pro- 
ducts only  when  working  on  perfectly  dry  ore.  Dampness  of 
the  ore  causes  the  finely-crushed  particles  to  stick  together. 
Even  with  drying,  it  is  not  possible  entirely  to  prevent  non- 
magnetic dust  from  adhering  to  the  magnetic  particles,  which 
tends  somewhat  to  lower  the  iron-content  of  the  concentrate  or 
prevent  an  efficient  reduction  of  phosphorus.  This  adhesion 
can  be  somewhat  lessened  by  passing  a  strong  current  of  air 
through  the  stream  of  concentrate  as  it  is  being  discharged  from 
the  separator,  by  which  non-magnetic  dust  is  blown  out  and  by 
means  of  an  exhaust-fan  conducted  outside  the  mill.  A  close 
screening  of  the  crushed  ore  and  a  feeding  of  the  various  sizes 
to  different  separators  have  been  shown  materially  to  improve 
results  in  dry  separation. 

As  a  rule,  however,  the  dry  method  is  particularly  adapted 
to  ores  of  coarsely  crystalline  character,  such,  for  instance,  as  the 
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Mineville  ore  of  New  York  State.  The  several  separating-plants 
in  operation  at  Mineville  are  giving  excellent  technical  and 
•economical  results.  They  constitute,  in  reality,  the  best  examples 
of  American  practice  in  ore-separation,  and  serve  as  models  for 
similar  installations  elsewhere.  A  great  deal  of  experimental 
work  has  always  been  carried  on  there  and  the  system  has 
gradually  been  brought  to  a  high  state  of  simplicity  and 
efficiency. 

At  present  there  are  four  mills  in  operation  at  Mineville, 
treating  ore  from  the  various  shafts  and  deposits.  As  these 
mills  form  the  largest  dry-concentrating  installation  in  the 
United  States,  with  the  latest  and  most  approved  equipment,  an 
outline  of  the  process  as  practiced  in  one  of  the  mills  will  be 
given. 

The  No.  3  mill  receives  the  ore  from  the  two  shafts  of  the 
Harmony  mine.  The  ore  is  crushed  in  the  two  shaft-houses  to 
4-in.  size.  It  is  then  delivered  to  a  300-ton  bin,  from  which  it 
is  fed  to  an  elevator.  This  discharges  by  means  of  a  dividing- 
box  to  two  revolving  screens  with  2-in.  holes.  The  oversize 
is  crushed  in  secondary  crushers  and  returned  until  the  whole 
flow  of  ore  is  reduced  to  1.5-in.  size.  It  then  passes  over  two 
magnetic  drum-cobbers,  which  remove  the  richer  part  as  finished 
product.  The  rest  continues  over  two  cobbers  of  a  diflferent 
type  with  stronger  field,  which  eliminate  pieces  too  lean  for  fur- 
ther treatment;  12  per  cent,  of  iron  is  considered  the  approxi- 
mate limit.  The  heads  from  these  cobbers  are  crushed  in  rolls 
to  J-in.  size  and  then  delivered  to  Ball  &  Norton  separators. 
The  tailings  product  is  crushed  finer  and  re-separated.  The  con- 
centrates from  all  the  separators  are  collected  in  the  shipping-bin 
and  the  final  tailings  are  transported  to  the  tailings-dump  or  sold 
for  concrete-work  or  ballasting.  The  capacity  of  the  mill  is 
about  100  tons  of  crude  ore  per  hour  and  the  power-consump- 
tion is  about  3  kw-hr.  per  ton  of  crude  ore. 

Analyses. 

For  1  ton  of  Iron.  Phosphorus. 

Concentrates.  Per  Cent.  Per  Cent. 

Crude  ore 1.5  61  0.2 

Concentrates 1  64  0.08 

TaUings 0.5  10 

At  Lyon  Mountain,  N.  Y.,  is  treated  the  ore  generally  known 
under  the  name  of  Chateaugay  ore.     The  general  system  of 
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concentrating  is  similar  to  that  at  Mineville.  All  the  ore  is 
crushed  to  0.25  in.  before  being  delivered  to  the  separators, 
which  are  of  the  Ball  &  Norton  double-drum  type.  Middlings 
and  tailings  are  recrushed  and  re-separated. 

Analyses, 

For  1  ton  of  Iron.  PhoRphonis. 

Concentrates.  Per  Cent.  Per  Cent. 

Crude  ore 2.6  32.0  0.022 

Concentrates 1  .  64.0  0.009 

Tailings 1.6  9.0  0.034 

A  screen-test  of  the  concentrates  made  a  few  years  ago  with 
full  analyses  of  all  screenings  has  been  plotted  on  the  chart,* 
Fig.  4.  It  clearly  shows  how  improvements  in  the  system 
could  be  instituted.  By  the  elimination  of  the  coarse  that  stays 
on  the  8-mesh  sieve,  and  the  very  fine  that  passes  through  100- 
mesh,  of  which  there  is  no  less  than  15.6  per  cent.,  the  iron-con- 
tent of  the  concentrates  would  be  raised  to  more  than  67  per 
cent  and  the  phosphorus  reduced  below  0.008  per  cent.  It 
shows  that  the  ore  ought  to  be  ground  so  as  to  pass  \An.  mesh, 
and  it  also  shows  that  non-magnetic  dust  adheres  to  the  fine 
concentrates,  lowering  the  value  of  the  whole  product. 

The  wet  method  would  unquestionably  be  technically  su- 
perior. The  whole  mass  of  ore  would  be  crushed  in  water  to, 
say,  20-mesh.  There  would  be  no  middlings  and  tailings  to  re- 
treat, and  no  expense  for  drying  the  ore.  The  concentrates, 
washed  free  from  non-magnetic  particles,  would  show  up  better 
in  both  iron  and  phosphorus  than  by  the  present  method. 

For  finely-granulated  ores,  such  as  are  illustrated  in  the  thin 
sections.  Figs.  2  and  3,  the  wet  method  is  probably  indispen- 
sable. The  ore  has  to  be  ground  to  60-mesh  before  a  separation 
of  the  magnetite  grains  from  the  gangue  can  be  successfully  at- 
tempted. Crushing  and  grinding  the  ore  to  such  a  degree  of 
fineness  produces  a  large  amount  of  absolute  fines.  To  separate 
these  dry  is  out  of  the  question.  To  crush  dry  is  possible,  but 
not  advisable,  as  only  with  great  difficulty  can  the  fine  dust 
produced  in  the  operation  be  kept  reasonably  well  inclosed.  It 
will  pass  through  the  finest  cracks.  Even  with  strong  exhaust- 
fans  connected  to  casings  around  the  various  machines,  the  dust 
escapes,  fills  the  atmosphere  in  the  mill  and  makes  the  work  in 
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the  plant  disagreeable  and  unhealthfal,  besides  causing  difficul- 
ties in  the  up-keep  of  the  bearings,  etc. 

Grinding  in  wet  ball-mills  can  be  done  cheaply,  and  at  the 
same  time  permits  a  very  simple  layout  of  the  plant.  After 
the   preliminary  crushing  to  1.5-in.  size   the   ore   is   fed   di- 
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One  Scale  for  Iron.  Silica,  Alumina,  Lime  and  Percentages 
Another  Scale  for  Soda  and  Potash 
A  Third  for  Phosphorus 

Fig.  4. — Screen-Test  op  Iron-Obe  Concentrates  at  Lyon  Mountain,  N.  Y. 

rectly  to  the  ball-mill  and  in  one  operation  ground  to  20-  or 
SO-mesh  size  in  water.  Driers,  rolls,  screens,  and  elevators 
are  unnecessary.  The  ore,  discharged  from  the  ball-mill,  is  car- 
ried by  a  current  of  water  directly  to  the  separators.  With 
some  ores  high-grade  concentrates  are  here  directly  obtained. 
With  other  ores  a  finer  grinding  is  necessary  if  high-grade 
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concentrates  are  desired.  The  proper  method,  then,  is  to 
use  after  the  ball-mills  magnetic  separators  of  such  intensity 
that  they  will  pick  up  the  greater  part  of  the  iron  mineral,  leav- 
ing a  tailings-product  that  can  be  wasted.  The  concentrate  is 
crushed  finer  in  pebble-mills  and  re-separated,  yielding  a  pro- 
duct of  any  desired  quality. 

Among  wet  concentrating-plants  for  iron-ores  in  America  are 
to  be  mentioned  the  one  at  Lebanon,  Pa.,  operated  by  Pennsyl- 
vania Steel  Co.,  on  low-grade  iron-^ores  from  Cornwall  Ore 
Banks,  Pa.,  and  the  one  at  Sellwood,  Ont.,  belonging  to  Moose 
Mountain,  Ltd.  At  both  places  the  Grondal  magnetic  separa- 
tors are  employed.  At  the  Moose  Mountain  plant,  which  is 
very  modern  in  layout,  having  only  recently  been  completed, 
the  ore  from  the  quarry  is  broken  in  a  36  by  48  jaw-crusher  to 
about  3-in.  size ;  it  is  then  distributed  to  a  four-unit  plant,  each 
unit  consisting  of  one  Jordan  impact  crusher,  which  is  sup- 
posed to  comminute  the  ore  to  less  than  30-mesh,  two  Grondal 
separators,  one  Hardinge  conical  pebble-mill,  finishing-separar 
tors,  and  dewatering-machinery.  The  concentrate  is  formed 
into  briquettes  by  a  special  type  of  briquetting-machine  devel- 
oped by  Moose  Mountain,  Ltd.,  and  is  sintered  in  Grondal 
briquetting-kilns. 

Analyses. 

For  1  ton  of  Iron.  Phosphonis. 

Concentrates.  Per  Cent.  Per  Gent. 

Crude  ore 2  36.19  0.072 

Concentrates 1  65.68  0.020 

Tailings 1  6.0 

In  this  short  review  of  the  present  status  of  development  of 
the  magnetic  concentration  of  iron-ores  in  the  United  States 
and  Canada,  only  a  few  of  the  mines  have  been  named  at  which 
separating-plants  are  in  operation.  The  total  capacity  of  all  the 
magnetic  separating-plants  in  America  exceeds  considerably 
2,000,000  tons  of  concentrated  ore  yearly. 

In  certain  parts  of  Europe,  particularly  in  Sweden  and  Nor- 
way, magnetic  ore-separation  is  used  extensively.  Norway 
prides  itself  on  having  the  largest  single  plant  of  this  kind. 
It  is  at  the  Sydvaranger  mines  in  northern  Norway.  The  ore 
there  is  similar  to  that  of  Moose  Mountain.  It  is  concen- 
trated and  briquetted  by  the  Grondal  method:     The  present 
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yearly  capacity  of  the  plant  is  500,000  tone  of  concentrates,  and 
it  is  now  being  enlarged  to  a  capacity  of  750,000  tons  a  year. 

3.  Concentrates.— The  concentrates  from  the  separating-process 
can  be  used  directly  in  the  blast-furnace  without  any  agglomer- 
ation, unless  the  material  is  so  fine  that  its  use  would  cause  incon- 
venience. In  some  cases,  as  at  Lyon  Mountain,  TS.  Y.,  and  Ben- 
son Mines,  N.  Y.,  the  concentrates  are  classified  either  by  screen- 
ing or  by  being  exposed  to  a  strong  air-current.  The  fines  so 
produced  are  agglomerated  in  nodulizing-furnaces.  The  coarser 
material,  which  is  supposed  to  be  free  from  grains  finer  than  40- 
mesh,  can  be  marketed  and  is  used  without  any  disadvantage. 

For  the  concentrates  from  wet-separating  plants,  which  gener- 
ally are  much  finer  than  those  from  dry  plants,  agglomeration  is 
usually  required  before  the  product  can  be  marketed.  There  are 
three  methods  for  the  agglomeration  of  such  fine  ore  that  are 
used  in  America. 

1.  Nodulizing  in  revolving  cylindrical  kilns, 

2.  Blast-roasting  by  the  Dwight-Lloyd  or  the  Greenawalt 
process. 

3.  Briquetting  by  the  Grondal  method. 

In  my  paper  *  read  at  the  New  York  meeting,  February,  1912 
a  comparison  between  the  various  processes  is  given.  They  all 
convert  the  fine  ore  into  a  lumpy  condition  suitable  for  charg- 
ing in  blast-furnaces. 

VII.  Conclusions. 

In  making  the  first  rough  estimates  on  the  probable  revenue 
in  the  exploitation  of  a  low-grade  concentrating  iron-ore,  proper 
attention  must  necessarily  be  given  to  the  tonnage  of  ore  avail- 
able and  to  the  cost  of  mining  it.  Generally,  any  low-grade 
proposition  requires  the  investment  of  a  large  capital  in  a  con- 
centrating-plant  and  in  many  cases  in  an  agglomeration-plant, 
indispensable  for  the  conversion  of  the  fine  concentrates  into  a 
marketable  product.  The  operations  have  therefore  to  be  laid 
out  in  a  large  scale,  because  otherwise  the  fixed  charges  distri- 
buted on  the  tonnage  will  make  the  cost  of  production  seem 
prohibitive.  A  large  tonnage  of  ore  in  sight,  insuring  opera- 
tions on  a  large  scale  for  a  number  of  years,  is  therefore  a  pre- 
requisite. 

*  BuHetin  No.  65,  May,  1912,  pp.  557  to  574. 
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In  the  case  of  iron-ore,  it  is  generally  not  difficult  to  predeter- 
mine the  available  supply  of  ore,  and  with  magnetic  ores  it  is 
even  easier  than  with  hematites,  because  the  magnetic  qualities 
of  the  ore  make  it  convenient  to  employ  some  method  of  mag- 
neto-metrically  surveying  the  ore-deposit.  If  correctly  done, 
this  will  give  the  extent  in  field  of  the  ore-deposit,  together  with 
useful  data  on  the  dip  and  pitch.  By  a  few  diamond-drill  holes, 
where  the  magneto-metric  map  indicates  the  best  location  for 
them,  the  quality  of  the  ore  in  depth  and  its  continuity  are  de- 
termined. 

With  these  preliminaries  well  done,  the  development  of  the 
deposit  can  be  quite  accurately  planned.  The  cost  of  the  var- 
ious operations  can  be  estimated  very  closely  from  figures  ob- 
tained elsewhere  in  similar  undertakings,  and  modified  to 
suit  the  local  conditions  as  experience  dictates.  The  risk 
generally  considered  inherent  to  mining-enterprises  is  almost 
entirely  absent.  .  The  consumption  of  iron-ores  is  large  and  as 
a  rule  increasing  from  year  to  year.  The  American  produc- 
tion of  pig-iron  during  the  last  100  years  has  on  the  average 
somewhat  more  than  doubled  in  each  decade.  The  market  is 
therefore  well  established.  The  market  price  of  the  ore  has 
varied  considerably  and  has,  the  last  couple  of  years,  been  very 
low.  It  is,  however,  at  present  improving.  In  the  light  of  the 
rapidly-growing  consumption  it  is  not  assuming  too  much  to 
believe  that  it  will  never  reach  a  lower  point  than  it  has  in  the 
past  season.  The  easily  available  ores  of  good  quality  are,  as 
is  well  known,  very  limited  in  extent  and  are  controlled  by 
companies  not  desirous  of  exhausting  them  at  too  rapid  a  rate. 
The  foreign  ores  of  high  grade  are  available  chiefly  on  the 
coasts.  Their  transportation  far  inland  would  make  their  cost 
prohibitive. 

By  taking  all  these  conditions  into  consideration,  one  can 
feel  reasonably  certain  in  calculations  of  the  probable  revenue 
in  the  development  of  a  low-grade  iron-ore  proposition,  using 
the  present  ore-prices  in  the  various  furnace-districts  as  a  basis 
for  finding  the  value  of  the  concentrated  and  agglomerated 
product. 

It  is  interesting  to  compare  the  various  items  of  cost  enter- 
ing into  the  production  of  a  high-grade  blast-furnace  material 
from  a  low-grade  magnetic  ore.     We  may  take  as  an  example 
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an  ore  averaging  36  per  cent,  of  iron  in  its  crude  state  and  oc- 
curring in  such  a  large  deposit  that  for  several  years  to  come  it 
can  be  mined  in  open  quarry  and  loaded  with  the  steam-shovel. 
If  the  intention  is  to  produce  concentrates  with  64  per  cent,  of 
iron,  it  will  be  necessary  to  mine  2  tons  of  crude  ore  to  make 
1  ton  of  finished  product. 

The  plant  is,  we  will  say,  laid  out  for  the  treatment  of  2,000 
tons  of  crude  ore  daily,  which  corresponds  to  1,000  tons  of  con- 
centrates in  24  hr.  A  plant  of  this  tonnage  can  be  considered 
of  normal  size.  It  is  assumed  that  power  can  be  obtained  in 
the  form  of  water-power,  and  that,  transmitted  to  the  works,  it 
does  not  cost  more  than  (25  per  horse-power  year. 

Labor  is  calculated  at  20  cents  per  hour.  The  quarry  and  coarse- 
crushing  plant  are  operated  only  in  the  day-time  because  labor 
enters  heavily  especially  into  the  quarry-operations,  and  there- 
fore better  economy  is  obtained  by  accumulating  during  the  day- 
shift  enough  crushed  ore,  which  is  distributed  in  the  bins  over 
the  fine-crushing  plant,  to  last  over  night.  The  quarry-  and 
coarse-crushing  machinery  is  also  easily  obtainable  in  large 
units,  making  it  convenient  and  economical  to  handle  from  200 
to  800  tons  per  hour. 

In  such  a  plant  the  following  items  of  cost  would  enter  into 
the  cost  of  producing  1  ton  of  finished  product. 

Mining  and  tranflportation  to  crusher $0.75 

Crushing ., 0.10 

Grinding  and  concentration 0.40 

Agglomeratiou 0.50 

Tailings  handling  and  pumps 0.05 

Shops,  local  administratioui  taxes,  insurance 0.15 

$1.95 

To  this  cost  of  manufacture  is  to  be  added  the  royalty  on  the 
ore  as  mined  or  as  shipped,  charges  on  account  of  the  sinking- 
fund,  selling-expenses,  and  freight  to  furnaces.  These  will 
probably  bring  the  total  estimate  for  the  agglomerated  prod- 
uct laid  down  at  the  furnace  to  $3.75  per  ton. 

As  soon  as  the  operations  have  reached  the  point  where  it  is 
necessary  to  resort  to  underground  mining,  the  cost  of  the  prod- 
uct will  be  increased,  but  the  calculations  still  show  a  profit  in 
the  operations  on  account  of  the  high  quality  of  the  material, 
with  its  freedom  from  phosphorus  and  sulphur,  which  will 
make  it  bring  a  premium  in  the  market. 
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A  Graphic   Solution  of  D'Arcy's   Formula  for  the 
Transmission  of  Compressed  Air  in  Pipes. 

BT  NATHANIEL  HERZ,    LEAD,  8.  D. 
(Cleveland  Meeting,  October,  1912.) 

The  formula  very  frequently  used  for  computing  the  eco- 
nomical size  of  pipe  to  transmit  compressed  air  is  that  of 
D'Arcy,  as  follows : 


^d\Vr-V^ 


Where, 

D  =  the  Tolnme  of  compreBsed  air  delivered  in  cubic  feet  per  minute, "at  the 
final  pressure. 
c  =  an  experimental  coefficient  determined  for  the  various  sizes  of  pipe, 
d  =  the  diameter  of  the  pipe  in  inches. 
1  =  the  length  of  the  pipe  in  feet. 

p,  =  the  initial  gauge-pressure  in  pounds  per  square  inch, 
p,  =  the  final  gauge-pressure  in  pounds  per  square  inch. 
W]  =  the  densitj  of  the  air,  or  the  weight  in  pounds  per  cubic  foot  at  the  ini- 
tial pressure,  p^. 

The  most  common  case  is  that  in  which  the  given  quantities 
are :  the  quantity  of  air  required,  the  length  of  the  pipe,  and 
the  initial  pressure.  The  method  of  solution  is  to  assume^a 
pressure-loss  and  to  compute  the  remaining  factor,  ci/d^,  thus 
giving  the  size  of  pipe  corresponding  to  the  assumed  loss  of 
pressure.  It  is  always  desirable  to  try  two  or  more  pressure- 
drops,  in  order  to  find  the  combination  that  is  most  satisfac- 
tory, since  often  a  small  change  in  the  size  of  pipe  will  reduce  or 
increase  the  loss  of  pressure  several  pounds.  An  alternative 
method  is  to  assume  a  size  of  pipe  and  calculate  the  correspond- 
ing pressure-drop.  Each  method  involves  a  series  of  tedious 
calculations  to  arrive  at  the  most  economical  solution,  and  also 
requires  the  use  of  tables  giving  the  constant,  c,  the  actual 
diameters  corresponding  to  the  nominal  pipe-sizes,  the  density 
of  the  air,  w^,  and  often,  for  convenience,  a  table  giving  the 
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value  of  the  expression^^ 


I  have  constructed  a  graphic  chart,  Fig.  l,for  the  solution  of 
these  problems  with  no  computation,  and  without  the  use  of 
tables.     The  procedure  is  as  follows : 

Begin  with  the  quantity  of  compressed  air  delivered,  on  the 
left-hand  vertical  scale ;  follow  across  horizontally  to  the  inter- 
section with  the  inclined  line  corresponding  to  the  length  of  the 
pipe-line ;  pass  up  vertically  to  the  inclined  line  corresponding 
to  the  initial  pressure ;  then  across  the  chart  horizontally  to 
the  heavy  line  at  the  right  of  the  cross-sectioned  part  of  the 
chart.  The  point  here  found  is  a  pivot-point,  which  is  held 
with  a  pencil,  pen,  or  needle-point,  and  a  straight  edge  placed 
against  it  and  swung  across  the  "Z"  diagram.  Any  two 
points  on  the  inclined  and  vertical  lines  that  are  cut  by  the 
straight-edge  at  the  same  time  go  together  as  one  solution  of 
the  problem,  giving  a  pipe-diameter  with  its  corresponding 
loss  of  pressure.  By  swinging  the  straight-edge,  it  is  possible 
to  see  at  a  glance  how  the  final  pressure  is  affected  by  a  varia- 
tion of  1  in,  in  the  pipe-size.  Moreover,  the  size  giving  the  most 
desirable  result  is  determined  at  one  operation.  If  the  drop 
is  considerable,  it  may  be  desirable  to  adjust  the  volume  to 
<5orrespond  with  the  new  final  pressure,  and  to  repeat  the  oper- 
ation; but,  within  ordinary  economical  limits,  the  error  involved 
by  not  doing  so  is  negligible. 

Sometimes  the  problem  may  arise  in  another  form — ^for  in- 
stance, to  find  the  maximum  volume  that  can  be  handled  in 
an  existing  line.  In  this  case,  the  process  is  reversed.  Begin 
with  the  maximum  desirable  drop,  and  the  size  of  pipe,  then 
pass  to  the  initial-pressure  line  in  a  horizontal  direction,  then 
vertically  to  the  length-line,  and  finally  horizontal  to  the  left- 
hand  scale,  which  will  give  the  corresponding  volume.  Any 
other  combination  can  be  solved  in  a  similar  manner. 

The  accuracy  of  this  chart  is  well  within  commercial  limits. 
It  has  been  checked  against  calculated  values  for  combinations 
varying  from  100  to  1,000  cu.  ft.  of  compressed  air  delivered 
per  minute,  pressure-losses  from  3  to  10  lb.,  and  pipes  from  100 
to  4,000  ft.  long ;  all  results  were  within  0.5  in.  of  the  pipe- 
diameter,  and  most  of  them  within  0.25  in.  or  less. 
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To  add  to  the  usefulness  of  this  chart,  I  have  also  worked 
out  a  straight-line  chart,  Fig.  2,  for  finding  the  relation  be- 
tween the  volume  of  free  air  at  any  altitude  up  to  15,000  ft., 
and  the  volume  of  compressed  air  at  pressures  up  to  150  lb.  per 
sq.  in.  This  diagram  is  the  pv  =  c  curve  with  altitude  correc- 
tions, thrown  into  a  straight-line  chart,  all  the  lines  intersect- 
ing at  the  lower  right-hand  corner.     It  is  used  as  follows : 

Begin  with  the  gauge-pressure  on  the  vertical  scale  of  press- 
ures, using  the  left-hand  line ;  pass  parallel  to  the  slightly 
inclined  lines  and  intersect  the  vertical  line  corresponding  to 
the  altitude ;  then  go  horizontally  to  the  right-hand  vertical 
pressure-scale.  Extend  a  straight-edge  from  the  point  just 
found  to  the  intersection-point  in  the  lower  right-hand  corner 
of  the  chart,  and  the  point  where  this  crosses  the  horizontal 
line  corresponding  to  the  altitude  gives  the  volume  of  free  air 
required  to  produce  one  volume  of  compressed  air.  This  chart 
is  most  accurate  for  the  lower  pressures,  but  even  for  higher 
pressures  it  is  sufficiently  close  for  most  purposes  that  arise 
in  practical  work  in  compressed-air  transmission. 
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The  Sulphatizing-Roasting  of  Copper-Ores 
and  Concentrates.* 

BT  UTLEY   WEDGE,  ARDMORB,  PA. 
(Cleveland  Meeting,  October,  1912.) 

In  general,  the  art  of  securing  copper  from  sulphide  ores  or 
concentrates  may  be  said  to  consist  of :  (1)  separation,  in  the 
molten  state,  of  copper  sulphide  with  some  iron  sulphide,  from 
the  great  bulk  of  gangue-material,  followed  by  (2)  elimination 
of  sulphur  and  iron  from  the  molten  matte,  by  oxidation  and 
fluxing,  leaving  metallic  copper. 

The  definition  is  made  broad  enough  to  cover  the  general 
practice,  whether  or  not  the  ore  or  concentrate  is  given  a  pre- 
liminary roast  for  the  removal  of  surplus  sulphur. 

The  above  process,  which  I  will  designate  as  the  smelting 
process,  makes  mecessary  the  presence  in  the  ore,  or  the  ad- 
dition thereto,  of  such  silica,  lime,  and  iron  as  may  be  necessary 
for  the  formation  of  a  light  and  fusible  slag,  together  with  suf- 
ficient sulphur  and  iron  for  the  formation  of  copper-matte,  and 
also  the  addition  to  the  matte  of  sufficient  silica  for  the  oxida- 
tion and  fluxing-out  of  the  iron. 

These  items,  together  with  the  cost  of  fuel  sufficient  for  melt- 
ing the  mass,  constitute  important  items  of  cost  in  the  copper- 
smelting  process. 

Numerous  cases  where  fluxing-materials  are  scarce  or  dear, 
or  where  fuel  is  expensive,  have  caused  special  attention  to  be 
given  recently  to  the  wet  process  of  copper-extraction,  which 
may  be  designated  as  consisting  of  forming  soluble  copper  salts 
which  are  then  washed  or  leached  out  of  the  ore  or  concentrates 
by  dissolving  in  water  or  acid.  Metallic  copper  may  then  be 
secured  from  the  solution  of  copper  salts  by  electrolysis;  by 
cementation ;  or  copper  can  be  brought  out  of  the  solution  as  a 


*  Presented  alao  at  the  Joint  Meeting  of  the  Institute  and  Section  Ilia,  Metal- 
lurgy and  Mining,  of  the  Eighth  International  Congress  of  Applied  Chemistry,  New 
York,  N.  Y.,  September,  1912,  and  here  published  by  mutual  agreement. 
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hydroxide  or  other  insoluble  precipitate  and  reduced  to  metal- 
lic copper  by  subsequent  melting  in  a  reducing  atmosphere. 

The  present  paper  presents  facts  relating  to  only  one  step  in 
the  wet  process  of  copper-extraction  and  deals  only  with  the 
formation  of  copper  sulphate  by  roasting  copper-ores  or  con- 
centrates. 

One  per  cent,  of  copper-content  requires,  theoretically,  0.6 
per  cent,  of  sulphur  to  form  copper  sulphate.  In  practice, 
it  is  necessary  to  have  present  an  excess  of  sulphur  over  this 
theorectical  amount.  If  sufficient  sulphur  is  not  present  in  the 
material  to  be  treated,  it  is  then  necessary  to  add  sulphur  in  some 
form,  either  as  sulphur,  SOj,  SO3,  or  in  the  form  of  a  sulphide 
or  sulphate  or  sulphuric  acid.  Iron  sulphides  are  very  desir- 
able in  ores,  when  it  is  required  to  sulphatize  the  copper  values, 
and  zinc,  lead,  lime,  and  magnesia,  if  present  in  forms  that  will 
consume  sulphur,  are  undesirable. 

The  principal  reactions  which  enter  into  the  sulphatizing  of 
copper  sulphides  are  as  follows : 

CuS  decomposes  in  roasting  to  CUjS  -f  S,  and  the  free  atom 
of  S  burns  to  SO2  at  temperatures  above  350°  C.  (662°  F.).  Cu,S 
at  furnace-temperatures  below  500°  C.  (932°  F.)  reacts  prin- 
cipally as  follows ; 

2  CujS  +  5  Oj  =  2  CuO  +  2  CuSO, 

At  higher  temperatures,  the  principal  reaction  is 

Cu,S  + 20^=2  CuO +  S2 

Different  copper  sulphide  minerals  behave  differently  at  fur- 
nace-temperatures, but  the  above  formulas  show  the  tendency 
common  to  all  copper  sulphides  to  form  some  quantity  of  cop- 
per oxide  at  all  furnace-temperatures. 

In  roasting  to  secure  the  highest  per  cent,  of  water-soluble 
copper,  the  constant  formation  of  the  copper  oxide  is  the  chief 
obstacle  to  overcome. 

The  presence  of  iron  sulphide  with  copper  sulphide  in  the 
roasting  process  assists  in  sulphatizing  the  copper  oxide  thus 
formed.  At  furnace-temperatures  below  600°C.  (1,112°F.) 
there  is  some  basic  iron  sulphate  formed,  which,  at  temperatures 
above  530°C.  (986°F.),  roasts  to  Fefi^  and  SO3,  and  the  SO3 

[2] 

Digitized  by  VjOOQ IC 


SULPHATIZINQ-ROASTINQ  OF  COPPER-ORBS  AND  CONCENTRATES.    1625 

gas  may  combine  with  the  CuO  to  form  CuSO^,  which  is  prac- 
tically stable  at  temperatures  below  650°C.  (1,202°F.),  or,  the 
CuO  may  react  directly  with  the  FCg^SO  J3,  according  to  the 
formula, 

3  CuO  +  Fe,(S0,)3  =Fe203  +  3  CuSO, 

Even  the  portion  of  iron  sulphide  which  roasts  to  FegOj  is  of 
some  assistance  in  sulphatizing  the  CuO,  as  at  a  temperature 
between  500°  C.  and  750°  C.  the  iron  oxide  acta  as  an  energetic 
catalyzing  agent  for  the  oxidizing  of  the  SO2  to  SO3,  which  in 
turn  tends  to  combine  with  the  CuO  to  form  Cu80^. 

Also,  SO2  generated  in  the  furnace,  either  from  the  copper  or 
iron  sulphides,  tends  to  sulphatize  the  copper  oxide. 

These  various  principles  are  generally  familiar  from  enuncia- 
tion] by  Aubell,  Kothny,  Ottokar  Hofmann  and  others,  and  at- 
tention is  called  to  them  here  to  make  clear  the  significance  of 
the  following  tests  made  by  the  Wedge  Mechanical  Furnace 
■Co.,  of  Philadelphia.  The  tests  were  made  without  the  addi- 
tion of  any  material  to  the  ore  treated : 

Test  No.  621,  February,  1910. 

Ajialysis  of  Ore, 

Per  Cent. 

Cu 1.07 

Fe 49.25 

S 32.60 

SiO 6.80 

MgO 2.18 

A1,0, 1.59 

The  copper  present  was  chalcopyrite ;  iron  present  was  pyrite 
snd  pyrrhotite. 

Ore  was  roasted  in  a  Wedge  multiple-hearth  furnace,  with  the 
following  results  : 

Per  Cent. 

Water-soluble  copper 0.35  =  27.8  per  cent,  extraction. 

Acid-soluble  copper 0.80  =  63.4  per  cent,  extraction. 

Insoluble  copper 0.11 

Total / 1.26  =  91.2  per  cent  extraction. 

The  calcine  from  the  above  roast  contained  4.7  per  cent,  of 
«ulphur  and  was  then  treated  in  a  Wedge  multiple-hearth 
mechanical  muffle-furnace.  It  was  then  leached,  with  the  fol- 
lowing result  : 
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Per  Cent. 

Water-soluble  copper 0. 75  =  60. 3  per  cent  extraction. 

Acid-soluble  copper 0.48  =  38.1  percent,  extraction. 

Insoluble  copper 0.02 

Total  copper  secured  in  solution     98.4  per  cent. 

In  the  above  test,  the  copper  designated  as  acid-soluble  cop- 
per was  copper  oxide,  soluble  in  very  dilute  sulphuric  acid. 

It  will  be  observed  that,  in  spite  of  the  presence  of  liberal 
quantities  of  iron  sulphide,  there  was  considerable  formation  of 
copper  oxide  in  the  furnace,  but  this  occurred  chiefly  in  the 
preliminary  roast,  where,  by  reason  of  the  considerable  excess 
sulphur,  the  temperature  became  excessive.  Analysis  of  the  gas 
leaving  the  furnace  in  initial  roasting  showed  formation  of  suf- 
ficient SO3  for  the  production  of  sulphuric  acid  to  recover  all 
of  the  copper  oxide,  or,  if  electrolysis  were  used  in  subsequent 
recovery  of  the  copper  from  solution,  more  sulphuric  acid  than 
would  be  required  to  sulphatize  the  copper  oxide. 

Test  No.  620,  March,  1910. 

Aiudysis  of  Ore. 

Per  Cent. 

Cu 3,62 

Fe 9.76 

S 9.54 

Insol 66.6 

Copper  present  as  chalcopyrite ;  gangue  consisted  of  schist 
This  ore  was  given  a  single  treatment  in  a  Wedge  multiple- 
hearth  mechanical  muffle-furnace  9  ft.  9  in.  in  diameter  with 
five  hearths ;  four  hearths  muffle-fired  with  coal. 

The  analyses  made  currently  during  the  test  showed : 

Water-soluble  copper,  from  60  to  70  per  cent,  of  total  copper. 
Acid-soluble  copper,  from  20  to  22  per  cent,  of  total  copper. 

Total,  from  80  to  92  per  cent  of  total  copper. 

In  this  test  the  SO^  and  SO3  gases  generated  in  the  upper 
hearths  of  the  furnace  were  drawn  downward  over  the  ore  on 
the  lower  hearth  of  the  furnace.^ 

If  electrolysis  were  used,  the  copper  sulphate  solution  would 
yield,  in  this  case,  a  great  excess  of  sulphuric  acid  for  the  re- 
covery of  the  copper  oxide. 

1  U.  S.  Patent  No.  966,277,  Aug.  2,  1910. 
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Test  No.  A-lOO,  July,  1911. 

Analysis  of  Ore. 

Per  Cent. 

Cu 4.38 

Fe 9.61 

S  16.37 

CaO 1.10 

MgO 0.72 

Insol 61.21 

Copper  present  as  chalcopyrite ;  the  gangue  was  diabase. 

This  ore  was  given  a  single  treatment  in  a  Wedge  multiple- 
hearth  muffle-furnace*  having  a  diameter  of  9  ft.  9  in.  with  five 
hearths,  being  the  same  furnace  as  was  used  in  the  previous 
test. 

Actual  leaching  of  this  ore  showed  a  recovery  by 

Water  extraction 73.7  per  cent,  of  copper  in  ore. 

Weak  sulphuric  acid 15.7  per  cent,  of  copper  in  ore. 

Making  a  total  of. 89.4  per  cent,  of  the  total  copper  in  ore. 

It  is  believed  that  this  ore,  sulphatized  in  a  larger  furnace  of 
the  Wedge  type,  would  yield  still  better  results. 

Tests  so  far  given,  were  made  with  ores  containing  copper 
as  chalcopyrite. 

The  following  tests  were  made  with  an  ore  in  which  the 
copper  was  present  chiefly  as  bornite,  with  some  copper  silicate 
and  carbonate. 

Sample  No.  25,  April^  1911. 

Analysis  of  Ore. 

Per  Cent 

Cu 3.40 

Fe 11.05 

S 13.02 

SiO, 63.90 

This  ore  was  ground  to  20-mesh  and  was  given  a  single 
treatment  in  a  small  furnace  test  and  showed  : 

Water-soluble  copper 80.80  per  cent,  of  total  copper-content. 

Acid-Boluble  copper 11.8    per  cent,  of  total  copper-content. 

Total  recovery 92.6  per  cent,  of  total  copper- content. 

The  above  results  have  since  been  duplicated  with  this  ore  in 
a  Wedge  mechanical  muffle-furnace  20  ft.  in  diameter  with 

«  U._S.  Patent  No.  654,335,  July  24,  1900. 
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five  hearths,  and  sufficient  sulphuric  acid  is  recovered  from  the 
SO3  in  gases  leaving  the  furnace  to  recover  the  oxide  of  copper 
formed  and  make  the  extraction  as  above  shown  in  the  subse- 
quent leaching-operation. 

Sample  JSo.  7,  December^  1909. 

AnxxlysU  of  Orel 

Per  Cent 

Cu 1.85 

Ni 2.75 

Fe 47.78 

S 30.85 

SiO, 15.30 

It  was  desired  to  extract  the  copper,  leaving  the  nickel  in 
the  leached  ore,  together  with  the  iron. 
The  analysis  of  the  calcine  showed : 

Water-soluble Copper,  69.2  per  cent.    Nickel 13.6  per  cent 

Acid-soluble  Copper,  12.8  per  cent.   Nickel 4.4  per  cent 

Total  soluble Copper,  82.0  per  cent.   Nickel 18.0  per  cent 

The  leached  ore  contained 

Copper 0.29  per  cent 

Nickel 2.80  per  cent 

It  has  been  shown  in  tests  made  by  the  Wedge  Mechanical 
Furnace  Co.  that  copper-ores  containing  little  or  no  sulphur  or 
iron  can  be  treated  by  sulphatizing-roasting  by  the  addition  of 
iron  sulphide  in  the  form  of  iron  pyrites. 

Test  No.  604,  August,  1909. 

Analysis  of  Ore. 

Per  Cent 

Cu 3.14 

Fe 2.25 

S none 

Insoluble 85.5 

This  ore  contained  copper  as  carbonate  and  the  gangue  was 
porphyry. 

This  ore  was  mixed  with  5  per  cent,  of  iron  pyrites  contain- 
ing 47.5  per  cent,  of  sulphur. 

The  test  was  made  in  a  9  ft.  9  in.  Wedge  mechanical  muffle- 
furnace  with  five  hearths,  and  the  analysis  of  the  calcine  showed 
92  per  cent,  of  the  copper  to  be  soluble  in  water.     The  copper 
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solution  was  very  pure,  containing  only  from  0.1  to  0.2  per 
cent,  of  FegOg  to  7  per  cent,  of  copper  sulphate.  Copper  pre- 
cipitated from  the  solution  with  clean  scrap-iron  tested  96  per 
cent,  pure  cement  copper. 

Test  No.  634,  November,  1910. 

Analysis  of  Ore, 

Per  Cent. 

Cu 1.86 

Fe 2.79 

S 0.80 

AlA 2.58 

Insoluble 88.3 

Combined  water. 3.4 

The  sulphur  contained  in  this  ore  seemed  to  be  partly  in  cin- 
ders from  the  locomotive,  which  accumulated  in  the  open  car 
during  transit  from  the  West.  Copper  was  present  largely  as 
copper  silicate.  Six  per  cent,  of  pyrites  containing  47  per  cent, 
of  sulphur  was  added  to  this  ore  and  this  mixture  was  given  a 
single  treatment  in  a  Wedge  mechanical  furnace,  with  five 
hearths  and  a  preheating  hearth,  muffle-fired  with  coal ; 
diameter  of  furnace  9  ft.  9  in.  Tests  were  made  of  the  ma- 
terial as  it  progressed  through  the  furnace  from  hearth  No.  1 
(top  hearth)  and  showed  as  follows : 

Leaving  Hearth  No.  1  79.3  per  cent,  of  copper  water-soluble. 

Leaving  Hearth  No.  2  81.4  per  cent,  of  copper  water-soluble. 

Leaving  Hearth  No.  3  93.4  per  cent  of  copper  water-soluble. 

Leaving  Hearth  No.  4  95.2  per  cent  of  copper  water-soluble. 

Leaving  Hearth  No.  5  95.2  per  cent,  of  copper  water'-soluble. 

There  was  no  heat  applied  to  the  fifth  hearth  and  the  sul- 
phatizing  was  completed  in  the  fourth  hearth.  This  calcine 
leached  readily  with  cold  water,  using  1  ton  of  water  per  ton 
of  ore.  Solution  secured  was  used  on  successive  batches  and 
brought  up  to  15  per  cent,  of  CuSO^  containing  only  0.1  per 
cent,  of  Fe.  The  tailings  from  this  leaching-test  contained 
Cu  0.08  per  cent. 

Up  to  this  time,  very  few  records  are  available  from  furnaces 
of  large  size.  The  furnace  with  which  most  of  these  records 
were  made  was  a  furnace  9  ft.  9  in.  in  diameter  and  12  ft.  high, 
with  five  hearths  and  a  preheating  hearth.  This  furnace,  a 
generation  ago,  would  have  been  considered  a  large  furnace, 
even  with  a  capacity  of  only  one  carload  of  ore  per  week,  but 
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the  commercial  problems  of  to-day  call  for  much  larger  appli- 
ances. Several  large  mechanical  muffle-furnaces  are  now  being 
installed  by  large  copper  companies,  and  records  from  furnaces 
with  an  output  of  from  20  to  40  tons  daily,  per  furnace,  will 
soon  be  available. 

The  above  is  a  record  indicating  in  advance  the  possibilities 
of  a  process  which  may  soon,  in  special  cases,  displace  the 
smelting  process  of  copper-production. 
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The    Development  of  the  Parkes   Process  in  the    United 

States.* 

BY  ERNST  F.  EURICH,  NEW  YORK,  N.  Y. 
(Cleveland  Meeting,  October,  1912.) 

Alexander  Parkes  patented  in  England  in  1851-52-58  a 
process  for  desilvering  lead  by  means  of  zinc,  making  use  of  the 
greater  affinity  of  silver  for  zinc  than  for  lead,  discovered  by 
Karsten  in  1842.  The  efforts  in  England  to  develop  it  com- 
mercially were  not  particularly  successful,  nor  was  the  attempted 
introduction  into  the  United  States.  This  last  was  not  surpris- 
ing, as  it  was  about  the  beginning  of  our  Civil  War,  and  at  that 
period  there  was  very  little  lead-bullion  produced  in  the  United 
States  and  there  was  no  field  for  the  process  here.  There  was 
at  that  time  on  Staten  Island  an  establishment  that  pattisonized 
lead,  probably  from  Rossie,  N.  Y.,  and  Chester,  Pa.,  and  possi- 
bly some  Spanish  lead,  but  the  production  of  lead-bullion  in 
the  Far  West  had  not  yet  begun.  In  1864,  Edward  Balbach,  of 
Newark,  N.  J.,  patented  in  this  country  a  process  for  desilver- 
ing lead  by  means  of  zinc,  and  in  1867  Edward  Balbach,  Jr., 
patented  a  "  movable  black-lead  retort  with  a  neck,  placed  in  a 
furnace,"  for  the  purpose  of  distilling  the  alloy  of  zinc,  lead, 
and  the  precious  metals. 

A  brief  comparison  of  the  Parkes  and  the  Balbach  processes 
is  interesting.  The  Parkes  process  as  practiced  in  England  con- 
sisted in  stirring  into  silver-bearing  lead,  melted  in  a  kettle,  from 
1  to  2  per  cent,  of  zinc,  cooling,  skimming  the  alloy  of  lead, 
zinc,  and  silver  that  rose  to  the  surface,  liquating  it  in  an  iron 
retort,  distilling  the  residual  rich  alloy  in  fire-clay  retorts,  thus 
regaining  the  zinc,  and  refining  the  desilvered  lead  at  a  low  heat 
in  a  shallow  cast-iron  pan  that  formed  the  hearth  of  a  reverberar 
tory  furnace.     If  the  lead  was  too  impure,  it  was  first  softened 


*  Presented  also  at  the  Joint  Meeting  of  the  Institute  and  Section  Illa,  Metal- 
lurgy and  Mining,  of  the  Eighth  International  Congress  of  Applied  Chemistry, 
New  York,  September,  1912,  and  here  published  by  mutual  agreement. 
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in  a  reverberatory  furnace  similar  to  the  refining-furnace.  The 
Balbach  process  liquated  the  softened  bullion  in  a  reverberatory 
with  a  cast-iron  inclined  hearth,  the  eliquated  metal  flowing 
into  a  kettle  which  contained  the  requisite  quantity  of  melted 
zinc,  thoroughly  stirred  the  contents  and  ladled  into  molds, 
transferred  the  bars  to  a  second  liquating-furnace,  where  they 
were  heated  to  the  melting-point  of  lead.  The  eliquated  lead 
was  to  be  measurably  free  from  silver,  the  residual  rich  alloy 
was  distilled  in  a  black-lead  retort,  the  zinc  given  off  condensed 
and  the  rich  lead  resulting  cupelled.  The  desilvered  lead  was 
refined  at  a  high  heat  in  a  reverberatory  built  of  fire-brick. 
Impure  lead-bullion  was  first  softened  in  a  reverberatory  fur- 
nace similar  te  the  one  used  for  refining.  The  Balbach 
process  as  patented  had  some  of  the  features  of  the  Parkes,  and 
after  several  years  of  operation,  about  1872,  was  so  modified  as 
to  resemble  it  more  closely. 

It  is  interesting  te  note  that  in  the  desilvering  of  lead-bullion 
by  means  of  zinc  as  practiced  to-day,  the  different  operations 
are  fundamentally  identical  with  those  outlined  by  Parkes.  The 
failure  of  the  process,  or  rather  the  lack  of  commercial  success, 
was  due  solely  te  the  apparatus  employed ;  the  shallow  cast-iron 
pans  frequently  cracked,  and  the  fire-clay  reterts  were  not 
adapted  to  the  work  required  of  them..  By  the  use  of  fire- 
brick furnaces  for  softening  and  refining,  and  of  black-lead  re- 
terts for  distilling,  those  works  which  later,  in  the  United  States,' 
followed  the  lead  of  Parkes  in  their  operations,  made  the  Parkes 
process  an  unqualified  success.  This  is  the  process  by  which 
most  of  the  lead-bullion  in  the  civilized  world  is  desilvered,  and 
in  many  respects  it  has  found  its  best  developments  in  Ameri- 
can plants. 

With  the  opening  of  the  Pacific  railroads,  the  exploitation  of 
the  Far  West  received  a  great  impetus.  Furnaces  for  smelting 
lead-  and  silver-ores  were  soon  in  operation,  and  the  lead-bullion 
they  produced,  as  well  as  some  of  the  ore  mined,  sought  a  mar- 
ket in  the  East.  Smelting-  and  refining-works  were  built  at 
different  points  from  the  Atlantic  to  the  Pacific,  and  by  1873 
there  were  14  establishments  in  operation  at  which  smelting  of 
ores  and  refining  of  lead-bullion  was  carried  on.  Two  of  these, 
the  Pennsylvania  Lead  Co.,  near  Pittsburg,  Pa.,  and  the  St 
Louis  Smelting  &  Refining  Co.,  near  St.  Louis,  Mo.,  certainly 
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the  former,  followed  exactly  the  lines  laid  down  by  Parkes,  using, 
however,  black-lead  retorts  and  fire-brick  softening- and  refining- 
f urnaces.  The  Qermania  works  at  Salt  Lake  City  soon  followed 
suit,  and  of  the  remaining  refineries,  the  Balbach  works  at 
Newark,  JS".  J.,  the  Omaha  works  at  Omaha,  Neb.,  and  the 
Selby  works  at  San  Francisco  were  soon  the  only  survivors. 
These  three  used  the  Balbach  process,  but  it  had  been  so  modi- 
fied as  to  approach  closely  to  the  Parkes  model.  By  the  end  of 
the  70's  or  the  early  80's  various  processes  had  been  tried  out, 
and  only  the  Parkes  remained. 

However  much  the  American  works  differed  in  the  details  of 
operations,  there  was  one  feature  that  soon  became  common  to 
all,  the  terrace  construction  of  the  desilvering-plant.  The  soft- 
ening-furnace occupied  the  highest  level,  the  desilvering-kettle 
the  next,  therefining-furnace  below  this,  and  lowest  of  all  was 
the  floor  on  which  were  the  molds  for  the  merchant  lead.  The 
charge  finished  in  one  apparatus  was  tapped  and  flowed  into 
the  next,  and  from  the  last  was  run  into  the  molds. 

To  trace  the  improvements  in  the  construction  and  operation 
of  the  constituents  of  the  plant,  it  will  be  simplest  to  consider 
each  operation  separately. 

Softening  Lead-Bullion. — This  operation  is  carried  out  in  a 
reverberatory  furnace.  We  early  find  the  hearth  of  the  soften- 
ing-furnace built  inside  a  riveted  sheet-iron  pan,  the  material 
of  the  hearth  being  tire-brick.  In  this  construction,  in  use  in 
1873  and  possibly  earlier,  the  wrought-iron  prevents  all  leakage 
of  lead  out  of  the  furnace,  and  the  bottom,  of  fire-brick,  laid  as 
an  inverted  arch  of  from  6  to  9  in.  rise,  effectually  resists  the 
plumbostatic  pressure  of  the  charge.  Adopted  later  in  Europe 
and  wherever  the  Parkes  process  is  used,  it  has  become  the 
standard  construction. 

To  counteract  the  corroding  action  of  the  oxides  at  the  lead- 
line, and  reduce  the  frequency  of  repairs,  water-cooling  in  vari- 
ous forms  was  resorted  to.  A  2.5-  or  3-in.  water-pipe  was  placed 
along  the  lead-line  next  to  the  pan,  or  the  sides  and  ends  of 
the  hearth  were  provided  with  water-jackets,  or  again  the  pan 
proper  was  placed  in  a  second  riveted  pan,  leaving  a  space  be- 
tween the  sides  and  bottom  in  which  water  circulated.  This 
last  was  eventually  abandoned,  as  the  cooling  of  the  bottom  was 
not  required  and  increased  the  fuel-consumption.      With  the 
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advent  of  magnesite  bricks,  these  were  used  along  the  leadJine 
in  addition  to  the  water-cooling.  Indeed,  in  some  cases  they 
have  led  to  the  abandoning  of  water-cooling  except  under  the 
skimming-door. 

With  the  increase  of  the  regular  supply  of  lead-bullion  that 
could  be  depended  on,  the  size  of  the  softening-furnace  in- 
creased from  a  capacity  of  10  tons  to  25,  40  and  up  to  90  tons. 
With  hand-charging  this  w^as  about  the  economical  limit,  but 
the  introduction  of  a  charging-apparatus  (first  used  at  the  Na- 
tonal  works  of  the  American  Smelting  &  Refining  Co.),  which 
by  means  of  an  endless  belt  elevated  the  pigs  and  dropped  them 
into  a  chute  down  which  they  slid  into  the  furnace  through  a 
hole  in  the  roof,  has  made  still  larger  furnaces  feasible,  and  a  from 
210-  to  240-ton  furnace  is  now  in  operation  at  Omaha.  In 
the  matter  of  size  of  furnaces,  England  was  for  quite  a  time  in 
the  lead,  as  140-ton  furnaces  were  in  use  there  for  a  number  of 
years  before  furnaces  of  a  similar  size  were  built  here.  The 
time  required  for  refining  a  large  charge  in  a  properly  propor- 
tioned furnace  is  no  longer  than  is  required  for  a  smaller  one, 
and,  provided  sufficient  lead-bullion  is  available  to  keep  it  in 
steady  operation,  a  large  furnace  is  more  economical  in  labor, 
fuel,  and  repairs  than  a  smaller  one. 

The  proper  method  of  conducting  softening-operations  has 
long  been  known,  but  not  always  properly  observed.  When  its 
laws  were  transgressed  the  penalty  followed, — a  smaller  direct 
yield  of  soft  lead,  a  larger  quantity  of  secondary  products  to  be 
reworked,  and  greater  costs.  It  is  not  necessary  to  go  minutely 
into  the  details  of  the  operations.  The  important  points  are  : 
melting  the  charge  at  a  low  heat  and  removing  the  dross  that 
accumulates  on  the  surface,  which  contains  the  greater  part  of 
the  copper  present;  next,  increasing  the  heat,  admitting  air,  ox- 
idizing the  impurities  susceptible  of  oxidation  (mainly  arsenic 
and  antimony)  and  skimming  off  the  arsenical  and  antimonial 
lead  oxides.  In  some  works  crushed  litharge  free  from  copper 
was  regularly  used  for  the  purpose  of  oxidizing  the  impurities. 
The  advantages  of  reducing  the  lead  of  the  litharge  and  at  the 
same  time  oxidizing  the  impurities  are  evident.  It  is  quite 
noticeable  that  as  soon  as  the  arsenic  is  pretty  well  elimi- 
nated, the  oxidation  of  the  charge  proceeds  more  rapidly,  and 
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it  is  for  oxidizing  the  arsenic  that  litharge  has  been  found  par- 
ticularly helpful. 

For  a  time  the  lead-smelter  in  the  West,  with  few  exceptions, 
loaded  into  the  lead-bullion  which  he  shipped,  as  much  as  pos- 
sible of  the  dross  the  furnace  made.  Gradually  it  was  appre- 
ciated that  this  procedure  was  not  to  his  advantage,  and  it  was 
modified.  The  Philadelphia  Smelting  &  Refining  Co.,  at 
Pueblo,  Colo.,  was  the  first  systematically  to  prepare  clean 
bullion  for  shipment.  It  was  drossed  in  the  cooling-pot  before 
ladling,  the  resulting  pigs  were  remelted  in  a  large  kettle 
holding  a  carload  and,  after  careful  drossing,  run  into  molds. 
At  the  furnaces  controlled  by  the  American  Smelting  &  Refin- 
ing Co.  the  same  practice  is  now  followed.  Such  preliminary 
drossing,  carefully  carried  out,  renders  drossing  in  the  soften- 
ing-furnace unnecessary,  and  softening  then  consists  merely  in 
eliminating  the  arsenic  and  antimony.  After  softening,  the 
charge  is  tapped  into  a  launder,  through  which  it  flows  into  the 
desilvering-kettle. 

Desilvering  With  Zinc, — The  kettles  employed  for  this  opera- 
tion originally  had  a  capacity  of  10  tons,  but  this  capacity  has 
been  increased  to  60  or  70  tons.  At  first  kettles  were  cast  with 
a  spout  at  the'  bottom  through  which  the  charge  was  tapped 
into  the  refining-furnace.  In  1877,  at  the  works  of  the  St. 
Louis  Smelting  &  Refining  Co.,  the  use  of  a  siphon  for  trans- 
ferring the  charge  from  the  desilvering-kettle  was  introduced 
by  A.  Steitz.  His  example  was  followed  by  other  works  and 
the  spout,  no  longer  necessary,  disappeared.  In  recent  years 
a  horizontal  centrifugal  pump  driven  by  an  electric  motor 
has  come  into  use  for  emptying  the  kettles.  With  large 
kettles,  the  centrifugal  pump  saves  time.  Furthermore,  its 
use  will  afiect  the  design  of  the  kettles  and  will  have  an  in- 
fluence in  the  arrangement  of  the  constituent  parts  of  plants 
that  may  be  erected  in  the  future,  and  may  use  it.  No  longer 
limited  to  a  depth  of  40  in.,  the  kettle  can  be  made  deeper  and 
capacities  in  excess  of  60  tons  will  be  entirely  feasible. 

The  apparatus  for  liquating  silver  crusts  varied  at  different 
works.  At  some  it  was  a  reverberatory  furnace  with  an  in- 
clined cast>iron  hearth ;  at  others,  a  kettle  with  or  without  a 
spout.  In  the  former  case  an  additional  kettle  was  provided  to 
receive  the  eliquated  lead.     Those  various  devices  have  been 
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superseded  by  the  silver-crust  press,  which,  producing  a  richer 
crust,  is  now  in  general  use.  It  was  first  introduced  at  the 
works  of  the  Pueblo  Smelting  &  Refining  Co.  by  W.  H.  Howard, 
its  inventor  and  patentee. 

It  is  of  prime  importance  that  the  zinc  which  is  to  effect  de- 
silvering  be  well  incorporated  with  the  lead-bullion.  At  first 
this  was  done  solely  by  manual  labor.  In  the  later  70*8  steam- 
stirring  was  introduced  at  the  works  of  the  Pennsylvania  Lead 
Co.  It  consisted  in  passing  dry  steam  through  the  charge, 
producing  a  circulation  which,  combined  with  a  rabbling  of  the 
surface,  effected  a  good  incorporation  of  the  zinc  which  had 
been  previously  melted  on  the  surface.  Both  of  these  methods 
have  given  way  to  the  mechanical  stirrer,  invented  by  W.  H. 
Howard  and  patented  in  1894  and  first  used  by  the  Pueblo 
Smelting  &  Refining  Co.  Like  its  prototype,  the  device  of 
Cordurife,  it  uses  a  propeller-wheel  for  establishing  a  circulation 
and  incorporating  the  zinc.  The  details  of  its  construction, 
however,  make  it  more  efficient.  It  works  by  steam  or  electri- 
cal power  and  effects  a  thorough  and  uniform  mixing  of  the 
metals. 

For  quite  a  time  there  was  no  material  change  in  the  manner 
of  conducting  zincings  from  that  practiced  in  the  early  trials  of 
the  Parkes  process  in  England.  The  general  custom  was  to 
add  the  zinc  in  three  doses,  stirring  in  each  addition,  and  then 
cooling  and  skimming  until  a  ring  of  chilled  lead  had  formed 
around  the  kettle.  Only  the  first  crust  was  liquated  and  the 
dry  crust  sent  to  the  retorts ;  the  second  and  third  crusts  were 
used  again  in  the  next  charge.  Some  works  used  four  zincings, 
the  first  to  collect  the  gold  along  with  a  small  part  of  the  silver 
in  a  so-called  gold  crust.  When  this  was  done,  the  first  and 
second  crusts  were  liquated  separately  and  the  dry  crusts  were 
worked  up  each  for  itself. 

With  a  wide  range  in  the  silver-content  of  the  lead-bullion 
received  from  various  sources,  it  was  desirable  to  have  tables 
for  the  zinc  additions.  Lead  desilvered  by  zinc  contains  at  its 
melting-point  0.6  per  cent,  of  zinc.  The  total  quantity  of  zinc 
required  to  extract  the  silver  from  any  given  quantity  of  lead- 
bullion  is  represented  by  a  formula  containing  a  constant  (0.6 
per  cent,  of  the  weight  of  the  charge)  plus  a  variable  that  in- 
creases with  the  silver-content,  but  at  a  lower  ratio.     On  this 
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basis,  tables  for  zinc  additions  were  worked  out  covering  a 
wide  range  of  silver-content. 

The  time  required  for  desilvering  a  charge  was  from  15  to  20 
hr.  Attempts  to  reduce  the  time  by  reducing  the  number  of 
zincings  were  successful,  but  at  the  expense  of  larger  zinc  ad- 
ditions. That  such  was  the  case  was  due  to  the  incomplete 
incorporation  of  the  zinc.  With  the  use  of  the  Howard  stirrer, 
supplemented  by  the  Howard  press,  the  total  time  of  desilver- 
ing has  been  reduced  to  not  to  exceed  10  hr.  The  zinc  addi- 
tions are  not  greater  and  there  are  no  longer  coolings  to  a 
"ring,"  until  the  very  last,  when  the  silver-content  is  to  be 
brought  down  to  the  assay  required  in  the  merchant  lead. 

Refining. — Eliminating  the  zinc  retained  by  the  desilvered 
lead  has,  in  the  United  States,  been  effected  either  in  a  rever- 
beratory  by  oxidation  at  a  comparatively  high  heat,  or  in  a  ket- 
tle, by  passing  dry  steam  through  the  lead  previously  heated  to 
redness,  as  was  first  practiced  by  Corduri6.  Steaming  in 
kettles  was  used  by  some  of  the  early  unsuccessful  works ;  it 
has  been  repeatedly  tried  experimentally,  the  Pueblo  Smelting 
&  Refining  Co.  alone  adopting  it  permanently  for  refining. 
The  use  of  the  reverberatory  has  found  most  favor  with  Ameri- 
can refiners,  and  at  the  present  time  it  is  exclusively  employed. 

The  construction  of  the  refining-furnace  is  exactly  the  same 
as  that  of  the  one  used  in  softening.  Its  size  has  kept  pace 
with  that  of  the  softener,  so  that  while  the  charge  of  a  large 
softener  is  divided  among  two  or  more  desilvering-kettles,  the 
contents  of  these  kettles  are  again  gathered  together  for  treat- 
ment in  one  large  refiner. 

After  the  zincky  oxides  have  been  skimmed,  the  ordinary 
practice  is  to  raise  the  heat  for  a  short  time  and  to  admit  air, 
in  order  to  remove  the  last  of  the  antimony.  At  some  works 
this  final  removal  of  the  antimony  is  accomplished  by  steam- 
ing for  a  short  time  without  raising  the  heat.  The  same  pro- 
cedure has  been  employed  in  accelerating  the  elimination  of 
the  antimony  in  the  softening-operations. 

Tapping  the  refined  lead  into  a  merchant  kettle  and  ladling 
into  molds  were  early  replaced  by  more  expeditious  methods. 
In  1876,  at  the  Pennsylvania  Lead  Co.'s  works,  this  was  done 
by  running  the  lead  through  a  swinging  1.5-in.  pipe  into  molds 
arranged  in  the  segment  of  a  circle,  the  flow  being  controlled 
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by  a  cast-iron  cock.  With  the  introduction  of  the  siphon, 
some  works  continued  to  use  the  merchant  kettle  and  employed 
the  siphon  to  run  the  lead  into  molds. 

The  next  improvement  was  the  molding-machine,  a  moving 
endless  belt  on  which  the  molds  are  mounted.  As  each  mold 
comes  under  the  discharge-pipe  it  is  filled,  is  then  carried  for- 
ward, cooled,  and  as  it  passes  over  the  end  sprocket-wheel  the 
pig  of  lead  is  dumped.  This  machine,  introduced  at  the 
National  works  by  the  then  superintendent,  A.  Oechsler,  is 
especially  adapted  for  handling  large  charges  economically. 

DistiUmg  the  ZiM  Crust. — The  early  use  of  the  black-lead  re- 
tort by  Balbach  has  already  been  noted.  It  was  mounted  in 
an  inclined  position  in  a  coke  crucible-furnace,  the  neck  of  the 
retort  projecting  through  the  front  wall,  the  zinc  distilled  off 
being  condensed.  When  the  charge  was  finished,  the  supports 
ing  front  wall  was  removed,  the  crucible  seized  by  tongs, 
turned  down  and  emptied.  A.  Faber  du  Faur,  in  1870,  swung 
the  crucible-furnace  on  trunnions,  so  that  by  tilting  it  the  retort 
could  be  emptied.  This  tilting  furnace  is  used  to-day  by  all 
the  lead-refiners  in  the  United  States,  and  has  been  largely 
adopted  in  Europe. 

About  1865  the  Parkes  process  was  taken  up  on  the  conti- 
nent of  Europe.  It  is  interesting  to  note  the  various  ways  that 
were  followed  in  treating  the  zinc  crust.  At  some  works  it 
was  smelted  in  a  blast-furnace  and  the  resulting  lead  cupelled ; 
at  others  it  was  scorified  on  a  lead  bath.  It  was  also  treated 
with  steam  to  oxidize  the  zinc,  the  resulting  oxides  being  scori- 
fied on  a  test  or  treated  with  acids.  In  all  cases  the  zinc  was 
sacrificed  and  there  was  an  appreciable  silver-loss.  These 
various  methods  are  in  striking  contrast  to  the  simplicity  of 
the  original  Parkes  method  made  practicable  by  the  American 
modifications. 

From  a  capacity  of  250  lb.  the  retorts  were  gradually  in- 
creased in  size  until  a  capacity  of  from  1,200  to  1,400  lb.  had 
been  reached.  As  the  tilting  furnace  was  a  patented  device,  it 
was  not  used  by  all  refiners  during  the  life  of  the  patent 
Various  furnace  constructions  were  devised,  some  using  coke, 
others  coal,  and  all  using  the  same  kind  of  retort,  but  instead 
of  emptying  the  retort  by  tilting,  the  contents  were  tapped  or 
dipped  out:     With  the  expiration  of  the  patent,  these  various 
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constructions  were  replaced  by  the  Faber  du  Faur  tilting 
furnace.  The  only  change  in  the  operation  has  been  the  sub- 
stitution of  fuel-oil  for  coke.  The  advantage  is  not  so  much  in 
reduced  fuel-costs,  but  rather  in  the  longer  life  of  the  retort,  the 
more  uniform  and  better  results  obtained,  and  in  the  fact 
that  the  work  is  easier  for  the  men. 

CupeUmg  Rich  Lead. — Although  cupelling  rich  lead  is  not 
peculiar  to  the  Parkes  process,  and,  together  with  the  treatment 
of  the  various  secondary  products,  belongs  rather  to  the  general 
metallurgy  of  lead,  yet  as  the  large  tonnage  handled  by  Amer- 
ican works  using  the  Parkes  process  has  brought  about  a  char- 
acteristic development  of  this  operation,  a  brief  sketch  of  its 
development  in  this  country  will  not  be  out  of  place. 

In  the  United  States,  cupellation  has  always  been  eflEected  in 
the  English  type  of  cupel-furnace.  Small  at  first,  they  have 
increased  gradually  from  a  test-capacity  of  2,000  lb.  or  less  to 
one  of  6  tons.  The  use  of  bone-ash  for  making  the  test  soon 
gave  way  to  other,  cheaper  and  more  satisfactory,  materials. 
Varying  with  individual  preference,  there  have  been  used  Port- 
land cement,  mixtures  of  Portland  cement  with  ground  fire- 
brick, Portland  cement  with  ground  limestone,  ground  lime- 
stone with  fire-clay ;  and  test  frames  have  been  lined  with  mag- 
nesite  brick.  At  present,  a  mixture  of  crushed  or  ground  lime- 
stone (preferably  dolomite)  with  fire-clay  is  generally  used.  To 
counteract  the  corrosion  of  the  test  by  litharge,  and  the  eating 
out  of  the  litharge  channels,  various  water-jacket  devices  have 
been  introduced ;  A.  Steitz,  at  the  St.  Louis  works,  being  the 
first  to  use  water-cooling  for  this  purpose. 

The  test  of  the  English  cupelling-furnace,  while  it  is  remova- 
ble, is  stationary  when  put  in  position  in  the  furnace.  Ameri- 
can practice  early  developed  a  tilting  test,  and  both  stationary 
and  tilting  tests  are  at  present  in  use.  The  latter  is  mounted  in 
such  a  manner  that,  by  means  of  a  differential  block  or  by  a 
hand-wheel,  it  can  be  tilted  up  or  down  and  the  flow  of  the 
litharge  controlled.  The  prototype  of  this  device  is  found  in  a 
silver-refining  furnace  in  use  in  Sweden  at  Konigsberg  in  1854. 
The  tilting  test  was  especially  convenient  before  the  introduction 
of  the  litharge  water-jackets,  and  even  under  present  con- 
ditions is  preferable  to  the  stationary  test. 

For  a  long  time  it  was  customary  to  cast  the  rich  lead  from 
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the  retorts  into  bars  and  gradually  feed  these  bars  into  the  cu- 
pelling-farnace.  A  marked  improvement  was  effected  about 
1901,  when  F.  B.  F.  Rhodes,  at  the  National  works  at  South 
Chicago,  poured  the  charge  from  the  retort  into  a  pot,  raised 
the  pot  by  means  of  a  pneumatic  lift  and  poured  the  contents 
into  the  test.  This  procedure  has  been  followed  with  advantage 
at  other  works. 

Thus  the  simple  small  English  cupelling-f  urnace  has  been  de- 
veloped into  its  American  descendant,  which,  in  its  most  com- 
plete form,  has  a  tilting,  water-cooled  test  holding  6  tons  or 
more  of  rich  lead,  is  capable  of  oxidizing  7  tons  of  lead  in  24 
hr.,  and  produces  dore  silver  998  fine.  Depending  on  the  method 
of  parting  to  be  used,  whether  by  electrolysis  or  sulphuric  acid, 
the  contents  are  either  ladled  into  thin  slabs,  or  they  are  poured 
into  molds  by  tilting  the  test. 

Except  in  the  case  of  the  retorts,  no  reference  has  been  made 
to  the  use  of  oil  as  fuel.  In  a  general  way  it  will  suffice  to  say 
that  where  the  price  warrants,  as  at  the  Selby  works  at  San 
Francisco,  Cal.,  it  has  satisfactorily  taken  the  place  of  coal. 
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gUBJBCT  TO  RBVISION. 

[TRANSACTIONS  OF  THE  AMEKICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


The  Effect  of  Alumina  in  Blast-Furnace  Slags. 

Discufision  of  the  paper  of  Mr.  J.  E.  Johnson,  Jr.,  presented  at  the  Cleveland  meeting 
October,  1912,  and  printed  in  BuUetin  No.  70,  October,  1912,  pp.  1123  to  1132. 

R.  H.  SwBETSBR,  Columbus,  Ohio : — I  think  that  Mr.  John- 
son has  opened  up  one  of  the  most  profitable  discussions  that 
could  come  to  blast-furnace  men,  and  I  am  very  glad  that  he 
has  come  out  so  strongly  against  the  old  oxygen  ratios.  I  will 
confess  I  never  could  understand  them  myself  and  never  used 
them  in  practice.  Now,  I  disagreed  with  Mr.  Johnson  strongly 
three  years  ago,  when  he  first  showed  me  his  paper,  and  I 
thought  that  the  question  could  be  approached  from  the  silicar 
alumina  ratio  side  rather  than  from  the  lime-silica  side.  Eight 
years  ago  at  "  the  Soo  "  we  had  an  ore  that  absolutely  refused 
to  "  behave  in  the  furnace,"  and  we  could  not  use  it;  but  going 
on  the  theory  that  all  ores  can  be  used  in  a  blast-furnace  if  it 
is  known  how  to  handle  them,  we  went  over  our  records  very 
carefully  to  find  out  when  we  could  use  or  es  of  that  nature 
successfully,  and  when  we  could  not ;  and  we  found  that  the 
ore  that  was  giving  a  great  deal  of  trouble  had  a  silica-alumina 
ratio  that  was  very,  very  high — in  fact,  it  had  practically  no 
alumina  at  all,  and  our  slags  had  a  very  small  percentage  of 
alumina.  I  had  experience  in  Tennessee  with  the  Cranberry 
ore,  which  gave  alumina  in  the  slag  down  as  low  as  4.6  per 
cent,  and  I  could  not  understand  why  the  ore  we  had  at  "  the 
Soo  "  could  not  be  used  as  successfully.  I  located  on  a  triaxial 
diagram  the  analyses  of  good  and  bad  slags,  and  it  seemed 
that  the  bad  slags  had  a  ratio  of  "from  five  to  eight  of  silica  to 
one  of  alumina.  Then  I  concluded  that  the  silicaralumina 
ratio  in  our  slag  was  too  high,  and  that  we  could  correct  our 
trouble  with  this  particular  Mesabi  ore  by  lowering  the  silica- 
alumina  ratio.  We  made  this  change,  and  used  the  ore  suc- 
cessfully. I  have  since  learned  that  the  "  silica-alumina  ratio  " 
was  partly  right,  and  that  Mr.  Johnson's  theory  was  partly 
right,  for  practical  purposes ;  but  neither  explanation  gives  the 
true  solution  of  the  function  of  alumina  in  blast-furnace  slags. 

Digitized  by  VjOOQ IC 


1542      THE   EFFECT   OF   ALUMINA   IN   BLAST-FUBNACE   8LA0S. 

President  Kemp  spoke  about  a  thing  to-day  that  comes  I 
believe  nearer  to  the  practical  solution,  and  that  is  that  the 
blast-furnace  slags  are  mixtures  of  minerals,  and  that  the  work- 
ing of  slag  depends  on  the  melting-point  of  all  the  minerals 
that  go  to  make  up  that  slag. 

I  am  indebted  for  a  lot  of  information  on  this  subject  to  Wil- 
bur Stout,  now  with  the  Ohio  State  Geological  Survey,  who 
said  that  slags  were  really  combinations  of  minerals,  and  that 
the  melting-point  would  vary  according  to  the  number  of  min- 
erals that  were  present,  and  that  the  melting-point  would  be 
governed  greatly  by  the  predominance  of  certain  minerals. 
Mr.  Frantz,  who  was  mentioned  in  Mr.  Johnson's  paper,  and  I 
have  worked  over  this  a  good  deal  together,  and  last  week  Mr. 
Frantz  showed  me  a  line  across  one  of  these  triaxial  diagram 
charts  that  seemed  to  explain  the  reason  why  alumina  acts 
sometimes  as  a  base  and  sometimes  as  an  acid.  We  have  actu- 
ally replaced  lime  in  our  slags  with  alumina,  and  it  seemed 
there  was  no  change  in  the  character  of  the  slag ;  you  could 
not  tell,  from  its  appearance,  when  there  was  20  or  only  14 
per  cent,  of  alumina  present — the  slags  would  look  about  the 
same  to  the  blower,  yet  those  slags  varied  greatly  in  the  com- 
position. I  think  there  is  a  big  field  here  if  some  of  the  sci- 
entists will  take  up  this  matter  of  slag  analysis  and  determine 
these  melting-points.  The  charts  that  have  already  been  pub- 
lished have  been  prepared  by  men  working  in  geology  or  in 
cement,  but  nothing  has  been  done  along  the  line  of  actual 
blast-furnace  slags.  I  think  it  so  necessary  to  explore  the 
field  that  some  one  ought  to  take  it  up  at  once. 

C.  H.  Fulton,  Cleveland,  Ohio  : — A  Scandinavian  geologist, 
J.  H.  L.  Vogt,  has  done  a  great  deal  of  work  on  the  mineral 
constitution  of  slags,  and  has*  correlated  this  work  with  the 
newer  ideas  of  physical  chemistry,  constructing  equilibrium 
diagrams  such  as  are  used  for  alloys,  one  of  which  was  shown 
by  Mr.  Stoughton  this  morning.  When  the  slags  are  looked 
upon  from  this  view-point,  we  find  that  the  entities  that  enter 
into  a  slag  composition  are  minerals,  and  fortunately,  most 
slags  are  composed  of  two  minerals  only.  On  this  basis  the 
action  of  alumina  is  rather  simply  explained,  if  we  do  not  go 
too  far  into  the  theory  of  the  subject.     For  instance,  alumina 
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may  play  the  part  of  both  an  acid  and  a  base.  Whether  it 
plays  one  or  the  other  or  both  parts,  depends  entirely  upon  the 
mineral  composition  of  the  slag  as  a  whole.  If  the  chemical 
composition  of  the  slag  is  such  that  the  minerals  augite,  anpr- 
thite,  melilite  or  gehlenite  may  form,  alumina  acts  as  a  base. 
If  alumina  is  present  in  greater  quantity  than  can  be  carried 
by  the  amount  of  these  minerals  formed,  the  excess  performs 
the  part  of  an  acid.  We  find  in  certain  slag  compositions 
which  contain  alumina,  that  this  will  form  spinel  under  the  in- 
fluence of  the  magnesia  present.  The  practical  point  involved 
in  the  formation  of  spinel  is  this  :  the  spinel  (that  mineral  in 
which  the  alumina  is  the  acid),  has  an  extremely  high  melting- 
point,  and  it  freezes  out  from  the  slag  at  such  a  high  tempera- 
ture that  these  slags  are  practically  impossible  in  the  furnace 
especially  when  the  spinel  is  present  in  large  proportion. 
Widely  varying  percentages  of  alumina  may  be  carried  in  slags 
dependent  upon  what  the  rest  of  the  base  and  silica  contents 
are.  What  must  be  looked  out  for  is  that  certain  types  of 
minerals  are  formed.  If  we  know  what  these  types  are,  and 
what  their  composition  is,  we  have  the  key  to  the  slag  question. 
It  is  very  difficult  without  charts  to  show  the  relation  of  min- 
eral composition  to  chemical  composition,  but  we  find  that  for 
iron  blast-furnace  slags,  in  order  to  carry  large  amounts  of  alu- 
mina the  silicate  degree  must  be  in  the  neighborhood  of  1.00, 
with  magnesia  very  low,  otherwise  such  minerals  as  melilite  and 
anorthite  will  not  form,  with  the  result  that  part  of  the  alumina 
goes  into  the  spinel  form.  There  has  been  more  work  done  on 
this  subject  than  is  indicated  by  what  has  been  said  to-night. 
It  is  mostly  foreign  work  of  scientific  character.  I  had  occa- 
sion recently  to  investigate  the  reverberatory  furnace  slags  of 
a  Western  smelting  company,  to  determine  the  influence  of 
composition  on  melting-point,  and  the  relation  between  melt- 
ing-point and  fluidity-point,  or  "  free-flowing  temperature,"  as 
Mr.  Johnson  calls  it.  It  is  encouraging  to  note  the  results 
which  may  be  obtained  for  slags  by  an  investigation  based  on 
the  equilibrium  diagram  method  such  as  was  before  the  Insti- 
tute this  morning  for  iron-carbon. 

Mr.  Johnson  :    I  desire  to  say  that  I  did  not  mean  to  belit- 
tle the  amount  of  work  done ;  all  that  I  meant  to  say  was  that 
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it  had  all  been  useless.  The  scientific  people  have  determined 
the  softening-temperatures  of  these  slags,  but  they  do  not  inter- 
est us.  The  slag  has  to  be  run  out  of  the  furnace,  primarily, 
and  able  to  sulphurize  the  iron  secondarily,  or  it  is  no  good. 
What  is  needed  is  to  know  the  temperatures  at  which  these 
slags  will  run.  We  need  an  absolute  viscosity  test,  to  know 
that  a  slag  of  a  certain  viscosity  will  handle  itself  properly  in 
the  furnace  at  a  certain  temperature,  and  until  we  get  results 
in  that  shape  we  cannot  use  them. 

Jambs  F.  Kemp,  New  York,  N".  Y. : — Some  very  interesting 
work  in  this  connection  has  been  done  in  the  Geophysical  Lab- 
oratory of  the  Carnegie  Institution  of  Washington.  Arthur 
L.  Day  and  E.  T.  Allen,  of  the  staff,  have  been  giving  special 
study  to  the  melting-points  of  the  feldspars  and  other  minerals.^ 
The  difficulty  of  determining  the  fusing-point  in  earlier  years 
arose  from  the  uncertainty  attached  to  direct  observations 
with  the  eye.  A  change  of  state  from  solid  to  liquid  in  a 
brightly  glowing  mass  which  sometimes  passes  through  a  vis- 
cous stage  is  not  easy  of  accurate  definition.  Platinum  weights 
were  tried  by  previous  investigators.  When  these  sank,  fusion 
was  assumed.  The  later  plan  is  to  follow  temperature  changes 
with  a  thermo-couple.  When  the  regularly  rising  temperature 
is  suddenly  accelerated  by  the  latent  heat,  released  by  the 
change  of  state  from  solid  to  liquid,  fusion  is  obviously  taking 
place.     Accurate  and  consistent  records  are  thus  obtained. 

I  was  reminded,  when  Mr.  Sweetser  was  speaking,  of  the 
work  of  Prof.  J.  H.  L.  Vogt,  formerly  of  Christiania,  Norway, 
now  of  Trondhjem.  Some  hundreds  of  analyses  of  slags  were 
compiled  by  Professor  Vogt,  and  the  minerals  which  had  crys- 
tallized from  them  when  such  developed  were  also  studied. 
Usually  in  the  case  of  slag  the  fused  mass  chills  so  quickly 
that  seldom  do  we  get  crystallized  minerals.  But  occasionally, 
with  a  slow  chill,  a  cavity  forms  in  the  midst  of  the  pot,  into 
which  well-developed  crystals  project.  By  slow  cooling  also 
an  interlaced  mass  of  minerals  like  an  igneous  rock  may  de- 

^  A.  L.  Day  and  E.  T.  Allen,  The  Isomorphum  and  Thermal  Properties  of  the 
Feldspars.  Carnegie  Institution,  1905.  Summary  in  the  Amarioan  Journal  ofSd' 
tnctj  Feb.,  1905,  p.  93.  Contributions  on  other  mineral  groups  have  since  ap- 
peared from  the  Geophysical  Laboratory. 
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velop ;  or  a  commingled  mass  of  minerals  and  glass.  As  Pro- 
fessor Fulton  has  said,  by  comparing  the  known  analysis  of  the 
slag  with  the  results  in  crystallized  minerals,  Professor  Vogt 
has  brought  out  some  very  interesting  relationships.  The  con- 
clusions have  also  been  of  much  importance  in  geological  work 
because  of  the  light  cast  upon  the  problems  of  the  lavas  and 
other  igneous  rocks.  The  study  of  Professor  Vogt's  paper  I 
am  sure  would  be  of  interest  to  many  of  our  members  engaged 
in  iron  smelting,  since  they  could  compare  the  composition  of 
slags  with  their  crystallized  results  and  get  some  very  interest- 
ing light.  Professor  Vogt's  paper  is  published  in  German, 
and  therefore  is  quite  easy  to  read,  if  one  has  that  language  at 
command.* 

John  J.  Porter,  Staunton,  Va.  (communication  to  the  Sec- 
retary *) : — Mr.  Johnson's  paper  is  particularly  timely  and  in- 
teresting because  it  deals  with  a  phase  of  operating  efficiency. 
The  problem  of  high  cost  of  living  applies  to  manufacturing- 
plants  as  well  as  individuals,  and  its  best  solution  is  to  be 
found  in  closer  study  of  all  the  details  of  operation  rather  than 
in  hasty  and  often  haphazard  expenditures  for  plant-equip- 
ment. If  the  best  possible  were  always  done  with  the  equipment 
at  hand,  it  would  in  many  cases  be  found  unnecessary  to  spend 
large  additional  sums,  and  in  other  cases  would  enable  the 
money  to  be  spent  to  far  better  advantage. 

The  subject  of  blast-furnace  slags  is  a  large  one,  and  several 

*  Received  Nov.  9,  1912. 

'  Professor  Vogt  has  published  a  long  series  of  papers  beginning  as  far  back  as 
1884.  The  best  one  for  the  purpose  above  suggested  is  Beitrage  zur  Kenntniss  der 
Gresetze  der  liiineralbildung  in  Schmelzmassen  und  in  den  neovulkanitchen  Er^ 
gussgesteinen.  (Contributions  to  our  knowledge  of  the  laws  of  mineral  formation 
in  smelting  products  and  in  the  later  volcanic  rocks.  Christiania,  Alb.  Cammer- 
meyer,  Publisher,  1892.  Pp.  271,  pi.  I.,  II. ).  This  paper  has  been  since  followed 
by  two  other  monographs,  Die  Si  ikatschmelzlosungen  :  Part  I.,  Ueber  die  Mineral- 
bildung  in  Silikatschmelzloiungen,  1903;  Part  II.,  Ueber  die  Schmelzpunkt-Ernied- 
rigung  der  SilikatschmelzlosuDgen,  1904.  (Fused  Solutions  of  Silicates:  Part  I. , 
On  the  Formation  of  Minerals  in  Fused  Solutions  of  Silicates;  Part  II.,  On  the 
Lowering  of  the  Fusing-Point  in  Fused  Solutions  of  Silicates- )  Both  these  papers 
were  originally  published  in  the  Memoirs  of  the  Academy  of  Sciences  in  Christi- 
ania,  but  were  separately  issued  by  the  publishing  house  of  Jacob  Dybwad.  Pro- 
fessor Vogt  has  continued  to  write  in  later  yeard  up  >n  the  questions  of  eutectics 
and  related  themes  as  applied  to  igneous  rocks,  but  with  less  immediate  reference 
tofdags. 

[5] 


Digitized  by 


Google 


1546       THB   EFFECT   OF   ALUMINA   IN   BLAST-FURNACE   SLAGS. 

points  deserving  discussion  occur  to  me.  I  shall,  however, 
confine  myself  to  the  one  factor  of  formation-temperature 
which  has  been  overlooked  or  ignored  by  Mr.  Johnson,  al- 
though it  has,  in  my  estimation,  a  decided  bearing  on  fuel 
consumption. 

My  attention  was  first  called  to  this  point  while  studying 
conditions  at  certain  Southern  furnaces  which  experienced 
much  trouble  with  viscid  slag,  and  which  were  forced  to  use 
an  excess  of  coke  in  order  to  correct  this  difficulty.  The  trou- 
ble had  been  attributed  to  high  alumina  on  the  basis  of  the 
theory  discussed  by  Mr.  Johnson,  and  this  was  apparently  con- 
firmed by  the  fact  that  substitution  of  other  ores  lower  in 
alumina  relieved  the  trouble.  However,  the  range  of  alumina 
in  the  slag  was  only  from  12  to  15  per  cent,  or  about  what  is 
considered  good  practice  with  Lake  ores,  and  a  neighboring 
furnace  working  on  a  different  ore-mixture,  but  making  a  slag 
of  practically  identical  composition,  experienced  no  trouble 
whatever. 

The  clue  to  the  problem  was  given  by  some  observations  of 
slag-temperature  taken  by  a  Wanner  optical  pyrometer.  It  was 
found  that  at  one  of  the  furnaces  in  question,  while  the  slag  was 
excessively  viscid,  the  temperature  averaged  over  100°  P. 
lower  than  at  another  furnace  working  under  similar  condi- 
tions but  using  other  ores  not  causing  viscid  slag.  When  ex- 
cessive fuel  was  used  to  prevent  viscosity  of  the  slag  the  tem- 
perature became  only  normal,  and  there  was  no  evidence  that 
the  slag  was  excessively  superheated  as  one  would  naturally 
expect.  The  evidence,  therefore,  indicated  that  the  viscosity 
was  due  to  low  temperature,  rather  than  to  high  alumina  or 
other  defect  in  composition. 

The  difficulty  was  obviously  associated  with  the  use  of  high 
percentages  of  certain  "  hard  red  "  or  Clinton  ores  of  tlie  fol- 
lowing approximate  composition:  Fe,  37 ;  810^,11;  Al^O^,  6; 
and  CaO,  11  per  cent.  Inspection  showed  that  the  silica  was 
intimately  associated  mechanically  with  the  lime  and  was  not, 
as  is  the  case  with  many  of  the  Clinton  ores,  in  the  form  of 
quartz  grains.  The  substitution  of  either  brown  or  "  soft  red  " 
ore  up  to  the  extent  of  50  per  cent,  of  the  burden  caused  the 
work  of  the  furnace  to  become  normal. 
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The  theory  which  I  evolved  to  account  for  these  phenomena 
was  as  follows  : 

Slag  is  obviously  formed  in  the  molten  state  under  the  con- 
ditions prevailing  in  the  blast-furnace,  for  it  is  only  by  the 
liquefaction  or  softening,  and  mutual  solution  of  the  constitu- 
ents that  they  can  come  into  the  intimate  contact  necessary  for 
chemical  combination.  After  the  slag  has  melted,  however,  it 
flows  very  quickly  into  the  space  below  the  tuyeres,  and  out  of 
the  zone  of  maximum  temperature.  It  is  generally  admitted 
that  slag  can  take  up  very  little  heat  after  melting,  as  it  drops 
too  quickly  into  the  relatively  cool  space  below  the  tuyeres.^ 
Hence  the  temperature  of  the  slag  will  be  controlled  very 
largely  by  its  temperature  of  formation,  and  if  this  is  low  the 
slag  may  be  insufficiently  superheated  above  the  melting-point, 
and  hence  viscid. 

Now  the  temperature  of  formation  is  dependent  very  largely 
on  the  intimacy  of  contact  of  the  slag-forming  ingredients.  If 
the  gangue  of  the  ore  is  chiefly  in  the  form  of  grains  of  sand  or 
layers  of  slate  and  the  lime  is  added  as  lumps  of  limestone  the 
points  of  contact  will  be  few,  the  formation  of  slag  will  take 
place  slowly,  and  temperature  of  formation  will  be  high  because 
the  constituents-  will  descend  far  down  in  the  bosh  to  a  zone  of 
high  temperature  before  combination  is  effected.  Moreover 
the  slag  when  formed  will  be  highly  superheated,  hence  fluid, 
and  the  furnace  will  work  smoothly,  and  have  little  tendency 
to  hang  in  the  boshes. 

On  the  other  hand,  if  the  ingredients  be  in  very  intimate 
contact  the  formation-temperature  will  be  much  lower,  possibly 
even  below  the  melting-point,  as  in  portland  cement  manufac- 
ture. In  the  case  described  the  gangue  of  the  ore  contains : 
Si02,  39.3;  Al^Og,  21.4;  CaO,  39.3;  total,  100  per  cent.  Ob- 
viously this  is  a  very  fusible  mixture  and  will,  therefore,  melt 
high  up  in  the  boshes  and  trickling  down,  will  dissolve  the 
lumps  of  lime  and  the  coke  ash  before  these  have  had  a  chance 
to  become  highly  superheated.  The  slag  not  having  reached 
a  high  temperature  before  melting  will  not  be  sufficiently  su- 


'  Of  course  there  will  be  some  superheating  after  melting,  and  this  will  be 
greater  if  the  slag  is  viscid,  as  explained  by  Mr.  Johnson.  His  idea  of  the  utility 
of  alumina  in  making  high-silicon  iron,  is  in  line  with  what  little  information  I 
have  on  the  subject. 
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perheated  to  be  thoroughly  fluid,  and  incidentally  may  cause 
more  or  less  hanging  on  the  bosh  wall.  Its  temperature  can, 
of  course,  be  increased  by  increasing  the  fuel,  but  it  is  obvious 
that  it  will  take  more  fuel  to  raise  the  temperature  100*^  when 
the  molten  slag  is  only  in  contact  with  the  hot  gases  for  a  few 
moments,  as  in  the  last  case,  than  when  the  solid  slag  constitu- 
ents remain  in  the  heated  zone  for  a  much  longer  time,  as  in 
the  first  case. 

Undoubtedly  it  is  possible  to  go  too  far  in  the  matter  of  les- 
sening the  points  of  contact  of  slag  constituents,  and  I  certainly 
would  not  advocate  increasing  the  size  of  the  limestone,  for 
example,  or  abandoning  entirely  the  use  of  self-fluxing  ores. 
On  the  contrary  I  believe  that  in  only  a  few  of  the  Clinton  ores 
are  the  gangue  constituents  in  such  a  chemical  and  mechanical 
relation  as  to  produce  this  trouble.  Where  the  silica  is  present 
either  as  grains  of  sand  or  as  layers  of  slate,  it  is  probably  suf- 
ficiently segregated  from  the  lime  to  prevent  trouble. 

The  importance  of  slag-formation  temperature  has  long  been 
recognized  in  non-ferrous  metallurgy,  but  so  far  as  I  know  it 
has  never  before  been  discussed  in  its  relation  to  iron  blast- 
furnace practice,  nor  has  the  importance  of  the  mechanical  as- 
sociation of  the  slag  constituents  been  adequately  recognized. 

W.  McA.  Johnson,  Hartford,  Conn,  (communication  to  the 
Secretary  *) : — I  read  Mr.  Johnson's  paper  with  pleasure  and 
interest,  and  I  give  below  a  risumi  of  the  construction  and 
use  of  my  slag-tester  which  it  alluded  to  in  the  first  foot-note. 

A  slag  is  essentially  a  complex  silicate  of  several  bases. 
Calcium  oxide  is  one  of  the  most  prominent  bases  in  iron 
blast-furnace  practice,  while  in  lead  or  copper  blast-furnace 
work,  ferrous  oxide  is  the  most  prominent  In  the  process  of 
cooling,  the  various  silicates  crystallize  out  similar  to  alloys, 
and  as  such,  slags  do  not  have  a  sharp  melting-point. 

In  metallurgical  work  it  is  important  that  an  accurate  knowl- 
edge of  the  "  running  temperature  "  of  the  slag  be  had  in  order 
that  a  liquid  slag  be  obtained  under  given  metallurgical  con- 
ditions. This  is  shown  in  the  lead,  iron,  and  copper  furnace- 
practice  especially  in  the  first-named.  Likewise  in  zinc  retort 
work  this  knowledge  is  essential  so  as  to  prevent  the  formation 


*  Received  Nov.  30, 1912. 
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of  slags.  The  formation  temperature  varies  greatly  and  is 
usually  much  below  its  melting-temperature,  i.e.,  the  oxides  of 
iron  and  calcium  unite  with  silica  in  a  dry  way  when  inti- 
mately mixed  and  heated  for  a  considerable  interval  of  time. 
The  question  of  time  is  an  important  point.  Satisfactory  data 
of  this  subject  is  not  to  be  found  in  literature,  for  usually  the 
uncertain  "softening-point"  was  determined.  Such  results 
are  not  directly  translatable  into  actual  practice,  unless  subject 
to  great  corrections  and  metal  reservations  from  the  basis  of 
practical  knowledge. 

While  I  was  with  the  Orford  Copper  Co.,  in  1902,  working 
on  a  small  "  nickel  brick  cupola,"  an  opportunity  was  had  to 
observe  the  process  of  slag-formation  on  the  coke  just  as  the 
cupola  furnace  was  going  out  of  blast  at  the  end  of  the  short 
weekly  campaign.  The  observations  were  made  through  the 
small  holes  which  appeared  in  the  sides  of  the  furnace. 

While  with  the  Lanyon  Zinc  Co.,  in  1908, 1  found  that  Ache- 
son  graphite  was  a  most  admirable  material  for  making  metal- 
lurgical research  work.  In  that  year  an  apparatus  for  the  test- 
ing of  the  reduction-temperature  of  metallic  oxides,*  and  a 
similar  apparatus  for  the  decomposition  temperature  of  metallic 
sulphides  was  devised.  On  the  basis  of  this  varied  experience, 
when  with  the  Lungwitz  Reduction  Co.,  at  the  instance  of  Mr. 
Fred  W.  Gordon,  chief  consulting  engineer,  the  "  slag-tester  " 
described  here  was  developed  for  the  purpose  of  making  deter- 
minations of  "  slag-running  temperatures  "  that  were  accurate. 
The  apparatus  as  designed  proved  neat  and  serviceable,  and 
gave  results  directly  applicable  to  large  scale  work. 

Round  bars  of  Acheson  graphite  4  in.  in  diameter  were  cut 
in  3.5  in  lengths,  with  a  narrow  slot  f  in.  wide  and  1.5  in.  high 
cut  in  the  bottom.  A  machined  drilled  1  in.  hole  was  made  in 
the  top  to  the  depth  of  1  in.  A  ^  in.  hole  was  continued  to  the 
narrow  slot. 

A  horizontal   1  in.  hole  was  drilled  above  the  line  of  the 
low^er  slot  so  as  to  receive  a  Le  Chatelier  pyrometer  at  a  point " 
as  near  as  possible  to  the  ^  in.  "  dripping-hole."     The  upper 
hole  was  filled  with  small  proportions  of  the  formed  slag  or 
slag-making  materials.     The  entire  apparatus  was  placed  in  a 

*  Transactions  of  the  Ameriean  Electrochemical  Soeietyf  vol.  v.,  p.  211  (April,  1904). 
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special  oil-fired  experimental  reverberatory  furnace,  the  hearth 
of  which  was  covered  with  a  layer  of  sand,  and  the  pyrometer 
was  inserted  through  a  hole  in  one  side  of  the  furnace. 

When  the  slag  reached  the  "  dripping-point,'*  and  dropped 
or  ran  through  the  slot,  depending  oh  its  viscosity,  it  could  be 
viewed  directly  through  the  slot  by  means  of  an  observing-hole 
in  the  side  of  the  furnace  opposite  the  pyrometer-hole,  and  its 
dripping-  or  running-point  determined.     The  accuracy  of  the 


SECTION  A-B 


secticJn  CD 


Fig.  1. — Slag-Tester.     Plan  amd  Sections. 


results  was  increased  by  the  fact  that  the  pyrometer  couple 
was  so  close  to  the  slag  at  this  critical  temperature.  Even 
though  slag  is  a  poor  conductor  of  heat,  Acheson  graphite  is 
so  good  a  one  that  the  temperature  gradient  is  small. 

A  check  on  the  pyrometer  was  secured  by  boring  a  second 
hole  0.5  in.  in  diameter  in  the  top,  in  which  5  g.  of  zinc  were 
put.  The  zinc  was  covered  with  charcoal  and  the  hole  plugged 
with  a  whittled  graphite  plug.      A  pyrometer  was  inserted 
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through  this  hole  and  checked  at  the  boiling-point  of  zinc, 
920°  C,  shown  by  the  characteristic  snaky  flame  of  burning 
zinc  vapor  coming  through  the  pyrometer  hole. 

A  much  larger  apparatus  was  also  made,  see  Fig.  1;  in  which 
the  slag  was  allowed  to  drip  through  a  column  of  granulated 
coke  3  in.  in  diameter  and  4  in.  high.  In  ,thi8  manner  we 
measured  the  rate  of  reduction  of  reducible  oxides,  FeO  and 
ZnO.  Another  apparatus  was  designed  looking  somewhat  like 
an  hour-glass,  in  which  it  was  proposed  to  measure  the  rate  of 
flow  of  slags  through  a  small  aperture  at  different  tempera- 
tures. 

Acheson  graphite  is  the  only  commercial  material  to  be  used 
in  making  this  apparatus,  as  tire-clay  would  be  fluxed  by  the 
slag,  and  in  using  iron  this  would  be  oxidized,  and  the  iron 
oxide  thus  formed  would  also  be  fluxed  by  the  slag. 

Several  score  of  typical  slags  were  tested  in  the  apparatus, 
but  the  data  of  the  test  cannot  be  published,  as  the  work  was 
done  in  a  cursory  and  fragmentary  way.  The  results,  if  pub- 
lished, would  be  open  to  criticism  that  no  safe  or  flrm  deduc- 
tion could  be  made  therefrom.  By  the  use  of  a  mental  process 
somewhat  better  than  semi-intelligent  guessing,  the  results  can 
be  used  by  me. 

This  description  of  the  apparatus  has  been  rewritten  (the 
original  appeared  in  Electrochemical  and  Metallurgical  Industry^ 
Vol.  IV.,  p.  262  (July,  1906),  in  the  hope  that  if  the  proposal 
be  thought  a  worthy  one,  an  extended  investigation  of  slags  in 
this  slag-tester  be  made  by  some  one  that  can  properly  and 
efficiently  do  such  work,  e.g.^  a  professor  in  a  university  or 
some  one  connected  with  national  or  State  government  de- 
partment. 
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[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


Measurements  and  Relations  of  Hardness  and  Depth  of 
Carbonization  in  Case-Hardened  Steel. 

DiscQssion  of  the  paper  of  Mark  A.  Ammon,  presented  at  the  Cleveland  meeiing, 
October,  1912,  and  printed  in  Bulletin  No.  70,  October,  1912,  pp.  1167  to  1  79. 

J.  E.  Johnson,  Jr.,  Ashland,  Wis. : — Mr.  Amnion's  paper  is 
of  great  value  and  it  is  not  with  any  desire  to  reflect  on  it  that 
I  wish  to  make  some  comments  on  the  use  of  the  scleroscope. 

We  obtained  one  on  trial  some  months  ago  and  made  very 
extensive  tests  with  it,  but  without  getting  very  satisfactory 
results.  The  readings  on  good  car-wheels  and  bad  ones  were 
just  about  the  same,  but  the  factor  in  its  use  most  likely  to  pro- 
duce erroneous  results  is  a  variation  in  the  thickness  of  the 
specimen  being  tested. 

In  order  to  find  out  something  on  this  subject  we  cut  a  thin 
disk,  about  -^^  in.  thick,  off  a  brass  rod ;  then  one  0.25  in.  thick, 
and  another  about  1  in.  thick,  put  the  surfaces  of  all  in  about 
the  same  condition  and  tested  them  with  the  scleroscope.  The 
readings  varied  widely;  the  resilience  of  the  anvil  evidently 
entered  to  a  very  high  degree  on  thin  pieces.  By  putting  a 
soft  cushion  between  such  a  thin  specimen  and  the  anvil,  and 
forcing  it  up  against  the  tube,  the  softness  of  the  cushion  cut 
off  the  resilience  of  the  anvil  and  the  results  were  more  like 
those  of  the  thick  specimens. 

After  a  thickness  of  1  in.  was  passed,  the  specimen  seemed 
to  have  mass  enough  so  that  the  resilience  of  the  anvil  no 
longer  played  an  important  part,  and  above  that  thickness  re- 
sults on  different  materials  would  be  comparable,  even  though 
the  thicknesses  differed.  But  in  order  to  get  comparable  re- 
sults on  thin  specimens  the  thickness  of  those  being  tested 
should  be  the  same.  I  should  like  to  ask  how  the  variations 
introduced  in  this  way  were  overcome,  so  as  to  get  strictly 
comparable  results. 

Mr.  Ammon  : — I  have  not  had  much  experience  in  that,  but 
the  scleroscope  is  simply  an  indication  of  the  surface  harden- 
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ing.  Tou  cut  them  on  an  anvil  of  any  ordinary  firm  basis, 
and  you  could  not  detect  any  practical  difference,  but  to  take  a 
piece  ^g.  or  J  in.  thick,  I  have  not  had  any  experience  on  those 
lines  at  all.  But  the  scleroscope  is  simply  to  show  the  elastic- 
ity of  the  surface. 

Bradley  STOuaHTON,  New  York,  N.  T. : — I  presume  the  rea- 
son Mr.  Ammon  did  not  find  any  differences  was  because  the  ma- 
terial was  harder  or  more  resilient  than  the  anvil.  This  subject 
has  come  up  very  prominently  before  the  American  Society  for 
Testing  Materials.  Now,  that  society  has  a  committee  which 
studies  the  question  of  hardness,  and  it  was  admitted  by  Mr. 
Shore  himself,  the  inventor  of  the  scleroscope,  that  thin  pieces 
did  not  give  good  results.  I  presume,  however,  that  if  the  thin 
pieces  are  harder  than  the  anvil,  the  anvil  would  not  affect  them ; 
but  if  they  are  softer,  in  a  case  where  the  pieces  are  -^  of  an 
in.  thick,  the  effect  of  the  anvil  would  be  shown. 

I  want  to  say  that  there  is  a  very  great  deal  of  information 
on  the  question  of  carbonizing  and  case-hardening  in  general, 
and  hardening  tests,  and  I  suppose  80  per  cent,  of  it  has  never 
been  made  public.  I  think  that  the  Peerless  Motor  Company,  to 
which  these  men  belong,  ought  to  be  thanked  by  us  for  allowing 
the  results  that  have  been  given  here  to  be  published,  because 
we  sincerely  hope  it  will  form  a  nucleus  around  which  we  can 
gather  a  great  deal  more  valuable  information  on  this  subject 
Case-hardening  is  no  doubt  going  through  an  important  transi- 
tional stage,  being  improved  almost  daily ;  and  anything  that 
can  be  done  to  get  the  many  results  in  the  shops  made  public, 
is  of  very  great  value  to  the  industry  to  which  this  matter  is  so 
important. 
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Notes  on  RufTs  Carbon-Iron  Equilibrium  Diagram. 

Ducussion  of  the  paper  of  Prof.  Henry  M.  Howe,  presented  in  abstract  by  Bradley 
Stoughton  "at  the  Cleveland  meeting,  .October,  1912,  and  printed  in  BvUetin 
No,  71,  November,  1912,  pp.  1181  to  1227. 

J.  E.  Johnson,  Jr.,  Ashland,  Wis. : — This  material  is  largely 
beyond  the  understanding  of  most  of  us  practical  men,  but  there 
are  certain  portions  of  that  diagram  that  are  of  enormous  im- 
portance. We  have  been  conducting  a  very  extensive  investi- 
gation of  the  quality  of  charcoal-iron  and  of  all  iron,  and  we 
have  found  that  this  eutectic  point  here  (indicating  on  chart)  is 
a  sort  of  balance  point  between  the  good  irons  and  the  bad 
ones,  and  I  have  some  slides  to  show  what  practical  results 
we  have  found  depending  on  this  point  here  on  the  diagram ; 
and  it  would  be  a  mistake  for  men  who  were  concerned  with 
operation  and  were  getting  practical  results,  to  think  that  these 
things  are  of  no  importance.  They  are  exceedingly  hard  to 
understand,  and  I  confess  that  a  great  deal  of  them  is  beyond 
me,  but  there  is  no  doubt  that  the  quality  of  iron  depends  to 
an  enormous  extent  on  the  location  of  the  carbon  content  of 
the  iron  to  the  right  and  left  of  this  point,  and  the  position  of 
that  point  is  dependent  upon  the  silicon,  and  I  wish  to  make  a 
plea 'to  the  practical  and  operating  members  of  the  Institute 
not  to  disregard  this  material  on  account  of  its  being  highly 
scientific,  because  I  hope  to  show  later  that  there  are  matters  of 
the  highest  practical  importance  that  depend  directly  upon  cer- 
tain portions  of  this  diagram. 

Henry  D.  Hibbard,  Plainfield,  K  J. : — I  understand  that 
washed  metal,  which  is  practically  pure  iron  and  carbon,  does 
not  solidify  at  one  instant,  as  cast-iron  does,  but  passes  through 
a  mushy  stage.  That  has  been  an  enigma  as  to  how  and  why 
it  did  so,  and  possibly  some  light  might  be  thrown  on  it  in 
this  connection. 

Bradley  Stoughton,  New  York,  N.  Y. : — If  Wittorff's  propo- 
sitions are  accepted,  washed  metal  containing  more  than  4.1 
per  cent,  of  carbon  would  begin  to  solidify  as  liquid  plus  Fe^C 
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along  the  line  MN.  This  line  is  so  very  steep  that  the  least 
bit  of  carbon  above  the  eutectic  ratio  would  make  a  very  large 
amount  of  Fe^C.  So  that,  almost  immediately  after  the  washed 
metal  began  to  freeze,  this  much  solid  separating  out  would 
give  US  a  mixture  of  liquid  and  solid,  and  the  iron  would  have 
to  cool  from  1,350°  down  to  1,150° ;  that  is,  through  a  range 
of  200°  C.  (which  is  equal  to  about  350°  F.)  before  it  would  be 
entirely  solid;  -and  that  would  explain  this  mushy  state — ^part 
liquid  and  part  solid — through  which  it  would  pass. 

R.  H.  SwBBTSER,  Columbus,  Ohio  : — Is  there  any  way  of  ap- 
plying the  information  brought  out  in  these  charts  to  the  fact 
that  in  making  very  low  silicon  basic  iron  there  are  times  when 
the  silicon  will  be  down  between  0.2  and  0.3  per  cent,  and  the 
sulphur  under  0.03,  when  the  pig-iron  will  be  gray,  with  a  little 
"  bloom  "  of  carbon  deposited  on  the  pigs  just  as  soon  as  they 
chill,  and  at  other  times  pig-iron  of  that  analysis  would  be 
white  all  the  way  through  ?  Is  there  any  particular  application 
of  that  chart  which  would  answer  why  it  should  be  gray  at 
one  time  and  white  at  another  ? 

Mr.  SiouaHTON: — ^I  presume  Mr.  Sweetser  has  taken  into 
consideration  the  casting-temperature  in  each  case. 

Mr.  Swbetsbr  : — I  do  not  know  what  the  temperature  is  in 
either  case. 

Mr.  Stoughton  : — I  should  suppose  then  that  it  is  a  case  of 
casting-temperature  or  rate  of  cooling,  because  the  higher  the 
temperature  at  which  it  is  cast,  the  more  likely  it  is  to  be 
white,  and  the  lower  the  temperature  at  which  it  is  cast,  the 
more  likely  it  is  to  be  gray.  Where  it  is  just  in  that  interme- 
diate stage  where  it  may  be  either  one,  a  slight  difference  in 
the  casting-temperature  might  push  it  to  either  side  of  the 
line. 

Mr.  Swbetsbr  : — Which  side  of  the  line  have  we  got  to  go 
to  get  that  gray  iron  ?    Can  you  tell  me  that  from  the  chart  ? 

Mr.  Stoughton  : — With  3  per  cent,  of  silicon  you  ought  to 
get  gray  iron  on  the  right-hand  side  of  the  eutectic  iron.  The 
eutectic  line,  with  perhaps  0.3  per  cent,  of  silicon  and  phospho- 
rus under  0.2,  might  be  under  2.9  per  cent. ;  it  might  be  some- 
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what  lower  tlian  that.     If  jou  had  less  than  the  eutectic  amount 
of  total  carbon,  it  would  be  white,  and  with  more  it  would  be 

Mr.  Swebtsbr  : — 3.9  per  cent,  of  carbon  ? 

Mr.  Stoughton  : — I  am  simply  stating  that  from  such  inves- 
tigation as  I  have  made.     We  have  not  enough  to  be  certain. 

Mr.  Swbbtser  : — I  have  noticed  that  in  using  Pocahontas 
coke  it  is  possible  to  make  an  iron  with  a  very  low  silicon  and 
still  get  a  gray  iron  even  when  cast  in  chills.  And  there  have 
been  times  when  the  iron  would  be  chilled  all  the  way  through 
to  white  iron.  If  there  is  any  way  to  connect  that  chart  with 
the  question  of  just  what  side  of  the  eutectic  line  the  white  iron 
is,  it  would  be  a  great  help  to  practical  furnace-men.  And  I 
do  want  to  say  here  that  although  that  chart  is  very  compli- 
cated  to  me,  I  hope  some  time  to  learn  something  about  it.  A 
few  years  ago  Dr.  Howe  gave  a  tri-axial  chart  which  seemed 
as  complicated  to  me  as  this  one,  but  I  have  since  learned  that 
it  can  be  of  use  in  blast-furnace  practice ;  and  if  this  new  chart 
is  practical,  then  we  are  going  a  good  ways  ahead. 

Mr.  Johnson  : — If  Mr.  Sweetser  will  make  carbon  determi- 
nations of  the  white  iron  and  the  gray,  I  think  he  will  find 
where  the  difference  comes  in.  We  are  more  or  less  familiar 
with  that  phenomenon,  and  frequently  get  irons  almost  totally 
deficient  in  chill,  although  the  silicon  is  such  that  they  should 
have  a  chill.  The  thing  we  have  found  in  regard  to  them  is 
that  they  are  high-carbon  irons,  but  incidentally  they  are  physi- 
cally weak  and  rotten  iron. 

Jambs  F.  Kemp,  New  York,  N.  Y. : — It  may  be  not  entirely 
without  interest  to  the  members  of  the  Institute  to  know  that 
geologists  are  working  along  very  similar  lines  to  those  set 
forth  in  this  diagram.  This  term  "  eutectic  "  has  become  very 
familiar  to  us.  In  analyzing  molten  rocks  we  go  through  pro- 
cesses very  similar  to  those  which  are  employed  in  the  study 
of  alloys.  There  are  many  surprising  and  very  close  parallels 
between  the  structures  of  the  igneous  rocks  which  we  find  in 
the  field  and  the  structures  brought  out  by  the  metallographic 
investigation  of  alloys. 
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Notes  on  Titanium,  and  the  Cleansing-EfTect  of 
Titanium  on  Cast-iron. 

DlBcussion  of  the  paper  of  Bradley  Stoughton,  presented  at  the  Cleveland  meet- 
ing, October,  1912,  and  printed  in  Bulletin  No.  71,  November,  1912,  pp. 
1246  to  1276. 

J.  E.  Johnson,  Jr.,  Ashland,  Wis. ; — Is  it  true  that  titanium 
reduces  the  chill  in  chilling  iron?  If  so,  as  I  think  Mr.  Stough- 
ton  has  stated  elsewhere,  then  I  do  not  see  how  titanium  is  bene- 
ficial in  car-wheel  mixtures.  One  of  the  most  difficult  things 
to  do  is  to  get  a  proper  chill  and  a  proper  degree  of  toughness, 
and  the  goodness  of  an  iron  of  the  given  composition  for  char- 
coal-iron purposes  is  denoted  by  the  chill  which  it  will  take  as 
compared  with  its  composition.  If  titanium  reduces  that 
chill,  then  it  does  not  seem  to  me  as  good  for  car-wheels  as  its 
absence  would  be,  and  I  should  like  to  have  it  explained  what 
effect  titanium  has  on  the  chill  of  a  given  iron. 

Mr.  Stoughton  :  It  is  true  that  titanium  reduces  the  chill 
of  iron  quite  noticeably,  yet,  at  the  same  time,  if  I  am  correctly 
informed,  90  per  cent,  of  all  chilled-iron  rolls  are  made  to-day 
with  the  titanium  treatment,  and  a  great  many  car-wheels,  but 
one  has  to  make  changes  in  the  silicon  added  and  also,  if  I  am 
correctly  informed,  in  the  manganese.  The  advantage  of  ti- 
tanium is  that  when  the  proper  changes  are  made,  so  that  we 
get  the  same  depth  of  chill  with  the  titanium  as  we  otherwise 
would  without,  the  chill  is  much  harder  than  before,  and  also 
the  body  of  the  roll  or  wheel  is  tougher  and  somewhat  stronger, 
especially  under  shock. 

James  F.  Kemp,  New  York,  N.  Y. : — This  subject  is  obvi- 
ously one  of  great  importance  to  the  iron  industry,  in  that  if 
we  can  find  a  method  of  using  titaniferous  ores,  we  will  pro- 
long the  life  of  our  iron  reserves.  Fifteen  or  more  years  ago, 
primarily  from  the  study  of  the  ores  in  tlie  Adirondacks,  I  be- 
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came  very  much  interested  in  this  type  of  deposit.*  We  know 
that  there  are  many  millions  of  tons  of  them  in  that  section  of 
the  country,  and  to  the  north  of  it  in  Canada.  They  are  also 
abundant  in  Minnesota  north  of  Lake  Superior ;  in  Wyoming, 
Colorado,  Virginia  and  North  Carolina,  and  if  we  can  bring 
them  into  actual  use  they  will  add  greatly  to  the  iron-ore  re- 
sources of  this  continent.  We  also  know  that  in  the  titanifer- 
ous  ores  vanadium  is  at  home.  About  fifteen  years  ago,  in 
platting  curves  illustrating  the  composition  of  the  ores,  so  far 
as  accurate  detailed  analyses  could  be  obtained,  I  found  that 
there  was  a  very  peculiar  sjonpathy  between  the  curves  of 
chromium  and  vanadium.  I  do  not  think  any  of  us  know  the 
form  in  which  vanadium  exists  in  these  ores.  But  the  vanadium 
and  the  chromium  curves  went  up  and  down  together  in  very 
close  sympathy.  I  dare  not  say  that  these  two  elements  were 
combined  in  a  rare  mineral,  but  that  there  was  this  sympathy 
is  an  undeniable  fact.  It  is  quite  possible  that  some  new  me- 
tallurgical improvements  will  bring  within  reach  of  the  furnace- 
men  ore  that  now  is  avoided,  and  has  been  avoided  in  the  past 
as  it  it  were  a  plague.  At  present  the  titanium  is  chiefly  de- 
rived from  rutile. 


*  TitaniferouB  Iron  Oree  of  the  Adirondacks,  Niiieteenth  Annwd  Report  U.  S 
Oeohffical  Survey,  R.  III.,  pp.  377-422  (1899).  A  Brief  Review  of  the  TitanifcrJ 
oos  Magnetites,  School  of  Mines  Quarterly f  vol.  20,  pp.  323-356  ;  vol.  21,  pp.  56- 
65  (1899). 
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[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


Blowing-In  a  Blast-Furnace. 

Discuflsion  of  the  paper  of  B.  H.  Sweetser,  presented  at  the  Cleveland  meetingi  Octo- 
ber, 1912,  and  printed  in  BuUetin  No.  71,  November,  1912,  pp.  1327  to  1334. 

J.  E.  Johnson,  Jr.,  Ashland,  Wis. : — There  is  one  method  of 
bringing  down  the  gas  which  Mr.  Sweetser  has  not  mentioned, 
and  which  is  very  useful.  John  W.  Dougherty,  now  of  the 
Crucible  Steel  Co.  of  America,  is  entitled  to  the  credit  for  the 
common  knowledge  of  a  plan.  This  consists  in  turning  steam 
into  the  downcomer  or  dust-catcher  before  lighting  the  furnace, 
so  as  to  form  a  steam  cushion  between  the  air  and  the  gas. 
The  danger  of  course  comes,  not  from  the  air  alone  or  from  the 
gas  alone,  but  from  the  mixture  of  the  two,  which  is  produced 
when  the  gas  first  begins  to  come  through.  The  steam  cushion 
between  the  air  and  the  gas  prevents  the  possibility  of  an  ex- 
plosive mixture  being  formed.  Mr.  Dougherty  has  a  patent 
on  this  process,  but  I  believe  it  is  established  that  the  process 
was  in  use  elsewhere  some  two  years  before  his  patent  was  ap- 
plied for,  and  therefore  the  patent  is  of  doubtful  validity, 
which  is  unfortunate,  because  Mr.  Dougherty  undoubtedly 
evolved  the  idea  independently  of  its  previous  use. 

In  blowing-in  a  furnace,  I  think  it  good  practice  to  speed  the 
engine  up  for  a  few  minutes  to  a  considerably  higher  speed 
than  you  expect  to  use  after  the  gas  is  brought  down.  There 
is  at  first  a  very  slow  action,  due  to  the  great  quantity  of  voids 
in  the  furnace  to  be  filled  up,  and  the  progress  of  the  gas  is 
exceedingly  slow,  if  the  slow  blowing  which  is  suitable  for 
blowing-in  be  used  from  the  very  beginning.  By  running  the 
engine  at  50  or  even  100  per  cent,  greater  than  the  blowing-in 
speed  for  a  few  minutes,  the  gas  is  brought  through  promptly, 
and  the  dangerous  period  very  greatly  shortened.  After  the 
gas  is  brought  down  and  safely  lighted,  the  engine  can  be  put 
down  to  its  proper  speed.  This  need  not  be  more  than  10  or 
15  min.  I  lit  a  furnace  about  a  month  ago,  following  this 
practice,  and  the  gas  was  down  and  lighted  at  all  burners  in 
about  10  min.  from  the  time  the  wind  w^as  turned  on,  without 
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a  sign  of  a  puff  of  any  kind.  We  used  the  steam  cushion,  and 
also  led  the  gas  to  the  far  end  of  the  flue,  opening  the  boiler- 
and  stove-burners  after  the  thick  white  first  gas  had  pushed 
the  steam  out  of  the  opening. 

In  connection  with  the  stopping  of  the  tap-hole,  a  very  good 
plan  is  to  build  a  considerable  pile  of  clay,  mixed  with  coke-  or 
coal-braize,  over  the  tap-hole,  and  extending  back  well  into  the 
hearth.  The  pipe  described  by  Mr.  Sweeteer  is  arranged  to 
project  through  this  into  the  furnace.  When  the  tap-hole 
comes  to  be  opened,  it  is  easy  to  drill  through  this  soft  mass  to 
the  skull  which  the  heat  of  the  hearth  bakes  on  its  surface,  and 
a  bar  can  then  easily  be  driven  through  this  skull. 

This  plan  may  save  a  great  deal  of  trouble  when  it,  comes  to 
opening  the  iron-notch.  The  principle  is  the  same  as  that  of 
the  cinder-notch  which  projects  into  the  molten  matter  in  the 
hearth.  It  is  also  the  same  as  the  deep  hole  kept  by  the  aid  of 
the  steam-gun  after  the  furnace  is  in  operation. 

Mr.  Sweetser's  plan  for  pulling  the  pipe  out  of  the  tap-hole 
when  it  is  desired  to  close  the  hole,  is  quite  the  best  that  I  have 
heard  of. 
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[TRANSACTIONS  OP  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


Notes  on  the  Case-Hardening  of  Special  Steels. 

Discussion  of  the  paper  of  Prof.  Albert  Sauvetir  and  G.  A.  Beinhardt,  presented  ' 
at  the  Cleveland  meeting,  October,  1912,  and  printed  in  Bulletin  No.  71, 
November,  1912,  pp.  1336  to  1341. 

Robert  R.  Abbott,  Cleveland,  Ohio : — The  possibilities  of 
the  commercial  application  of  the  facts  brought  out  in  this 
paper  have  been  the  subject  of  many  experiments  by  me  during 
the  past  four  years.  It  will  be  well  to  call  attention  to  several 
facts  having  a  commercial  bearing  upon  the  problem : 

(1)  The  lower  critical  temperature  (AcJ  of  a  3.5  per  cent, 
nickel-steel  of  low  carbon  (say  0.20  per  cent.)  content  is  about 
710°  C.  This  is  not  lowered  to  any  extent  by  increasing  its 
carbon  content  by  carbonizing..  By  this  I  mean  that  a  steel 
with  Acj  occurring  at  710°,  must,  after  carbonizing,  be  heated 
above  this  temperature  before  quenching  in  order  to  make  it 
hard.  This  is  not  contrary  to  Guillet's  diagram,  although  at 
first  thought  it  may  seem  so,  due  to  a  confusion  of  the  Ac^  and 
the  Ar^  points.  His  diagram  merely  gives  the  physical  condi- 
tion of  the  steel  upon  slow  cooling.  Now  a  steel  of  1.20  per 
cent,  of  carbon  and  3  per  cent,  of  nickel  (point  "  B  "  of  the 
diagram)  may  be  martensitic  upon  slow  cooling  from  three 
causes : 

(a)  Its  Ar^  point  is  below  the  normal  atmospheric  tem- 
peratures. ^ 

(6)  The  time  element  is  so  important  that  the  change 
from  martensite  to  pearlite  and  cementite  does  not  have 
time  to  occur  even  with  this  slower  rate  of  cooling.  We 
of  course  know  that  nickel  has  the  tendency  of  retard- 
ing this  change. 

(c)  A  combination  of  the  above  two  causes. 

(2)  With  increasing  nickel  content  the  ability  of  steel  to 
absorb  carbon  decreases. 

(3)  Many  carbonized  nickel-steels  show  a  martensitic  struc- 
ture upon  air-cooling,  and  yet  are  so  soft  that  they  are  of  no 
commercial  value. 
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[TRANBACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


The  Concentration  of  Iron-Ores. 

Ducuflsion  of  the  paper  of  N.  V.  Haosell,  preeented  at  the  Cleveland  Meeting, 
October,  1912,  and  published  in  BiUUtin  No.  72,  December,  1912.  (This  issue.) 

E.  G.  Spilbbury,  New  York,  N.  Y, : — ^I  notice  that  Mr.  Han- 
sell  has  spoken  in  his  paper  about  the  work  under  the  Goltra 
patents  which  is  now  being  carried  on  at  Waukon,  Iowa.  I 
had  occasion  a  few  months  ago  to  visit  that  plant  and  was  sur- 
prised to  see  what  they  were  doing.  The  ore-body  is  practi- 
cally a  clay  bed  containing  nodules  of  hematite  of  all  sizes  from 
large  boulders  down  to  small  grains.  It  is  mined  by  steam- 
shovel,  and  the  iron  content  of  the  whole  mass  as  mined  varies 
from  22  to  26  per  cent. 

The  result  of  the  use  of  the  Qoltra  process  in  the  dry  con- 
centration of  this  ore  is  a  material  running  from  55  to  59  per 
cent,  of  iron,  and  physically  in  a  condition  remarkably  desira- 
ble for  the  blast-furnace.  The  process  is  rather  a  curious  one ; 
the  ore  delivered  from  the  shovel  is  brought  down  to  the  mill, 
and  after  screening  so  as  to  take  out  the  very  large  boulders, 
which  go  to  the  crusher,  the  whole  mass  is  delivered  into  the 
horizontal  revolving-kilns  155  ft.  long  and  some  10  ft.  in  diam- 
eter. The  secret  of  the  success  depends  a  great  deal  on  the 
preliminary  heating,  which  must  be  so  graduated  as  to  prevent 
the  balling-up  of  the  clay.  The  endeavor  is  to  dry  the  mate- 
rial gradually  in  such  a  way  that  the  clay  is  left  in  a  finely 
divided  state.  The  blast  is  introduced  at  the  discharge  end  of 
the  rotary  kiln  and  actually  blows  out  all  of  the  clay-dust  with 
a  comparatively  small  percentage  of  iron.  The  ore  as  it  pro- 
gresses towards  the  discharge  end  is  gradually  raised  to  a  very 
high  heat  and  as  it  comes  from  the  kiln  is  plunged  into  water 
and  then  runs  through  revolving-screens.  The  oversize  from 
these  screens  is  delivered  to  a  long  picking-belt.  The  process 
of  roasting  and  plunging  in  water  shows  up  the  chert  and 
quartz  very  thoroughly  so  that  they  are  easily  picked  out. 
The  fines  passing  through  the  screens  then  go  to  a  second  ro- 
tary kiln,  which  is  hermetically  sealed,  and  into  which  is  ad- 
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mitted  a  certain  amount  of  oil  for  fael.  The  result  of  this 
second  heating  in  a  reducing  atmosphere  is  the  production  of 
a  magnetic  oxide.  This  product  then  goes  to  the  magnetic 
separators,  which  are  of  the  Ball-Norton  type. 

While  all  the  difficulties  from  the  practical  operation  of  the 
process  had  at  the  time  of  my  visit  not  been  entirely  overcome, 
I  consider  that  the  process  has  the  elements  of  very  great  suc- 
cess, and  if  the  figures  claimed  for  the  cost  of  treatment  do  not 
exceed  30  cents  per  ton  of  concentrated  ore,  it  ought  to  be  a 
very  profitable  one. 

At  the  time  of  my  visit  no  treatment  was  being  given  to  the 
flue-dust  resulting  from  the  blowing-out  of  the  fine  clay,  but 
experiments  had  been  made  on  a  pneumatic  concentrator  on 
this  material  which  had  given  very  good  results,  and  with  such 
concentrators  introduced,  the  element  of  loss  of  ore  in  the  treat- 
ment will  be  reduced  to  a  minimum.  The  process  is  certainly 
a  very  novel  one  and  shows  great  ingenuity  on  the  part  of  the 
inventor. 

Philip  N.  Moorb,  St.  Louis,  Mo. : — It  is  interesting  to  note 
the  recurrence,  with  the  use  of  better  mechanical  appliances,  of 
an  idea  carried  out  years  ago.  In  the  70's  J.  H.  Hillman,  re- 
cently deceased  at  Pittsburg,  then  superintendent  of  the  Center 
Furnace  of  the  Hillman  Co.,  in  western  Kentucky,  blew  the  sili- 
ceous dust  from  roasted  brown  ores  by  the  use  of  a  fan,  thereby 
materially  enriching  them.  These  ores  were  roasted  in  open 
heaps,  and,  as  the  district  has  a  considerable  rainfall,  the  pro- 
cess was  only  of  value  during  the  dry  season. 

J.  E.  Johnson,  Jr.,  Ashland,  Wis. : — ^What  advantage  has  this 
roasting-process  over  the  old-fashioned  process  of  log  washing 
which  has  been  practiced  in  the  eastern  Pennsylvania  and 
southern  regions  for  many  years,  and  with  which  I  was  at  one 
time  very  familiar  ?  We  could  carry  that  on  and  take  out  from 
the  ore  everything  that  was  not  attached  to  the  ore  itself,  and 
we  could  do  it  for  about  7  cents  a  ton ;  I  think  this  process 
mentioned  here  would  go  closer  to  f  1  a  ton,  and  I  do  not  see 
what  is  going  to  pay  for  the  difference,  or  where  there  is  room 
for  much  better  recovery  than  we  got,  because  we  discarded 
very  little.     The  loss  in  weight  was  about  one-third,  and  in 
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many  cases  that  was  so  low  in  iron  that  it  did  not  pay  to  treat 
it  any  further.  While  this  process  is  interesting,  I  do  not  see 
where  its  commercial  value  comes  in  as  compared  with  the  old- 
fashioned  method  of  washing. 

Ms.  Spilsbury  : — They  have  been  using  the  washing-process 
for  a  great  many  years,  and  obtained  material  which  was  prob- 
ably from  46  to  48  per  cent,  of  iron,  whereas  under  this  new 
method  they  are  producing  material  of  66  per  cent,  iron  con- 
tent, and  it  is  in  a  condition  desirable  for  blast-furnaces. 

Mr.  Johnson  : — Most  of  that  increase,  however,  came  from 
the  expulsion  of  the  combined  water,  which  is  done  automatic- 
ally in  the  blast-furnace. 

E.  V.  D'Invilliers,  Philadelphia,  Pa. : — I  do  not  think  that 
with  the  use  of  the  old  washing-method  they  have  ever  had 
anything  as  lean  as  25  per  cent,  of  iron  to  treat.  Might  there 
not  be  some  economies  in  the  washer  to  work  materials  of  that 
kind.  The  ores  were  lean,  I  do  not  think  that  they  were  ever 
washed  much  better  than  from  42  to  46  per  cent,  of  iron  in  the 
old  days,  with  the  attempt  made  to  carry  the  process  through 
jigging-methods  to  get  rid  of  the  free  quartz. 

Mr.  Johnson  : — There  are  plenty  of  places  in  Alabama,  Vir- 
ginia, and  Georgia,  where  they  expect  to  handle  12  tons  of  dirt 
to  get  a  ton  of  ore,  and  it  is  done  right  along  as  a  commercial 
proposition.  These  ores  are  frequently  raised  to  46  per  cent, 
of  iron,  and  I  know  of  a  case  in  which  the  iron  was  raised  to 
more  than  50  per  cent. 
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[TRANSACTIONS  OP  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


The  Action  of  Various  Commercial  Carbonizing-Materials. 

Discnssion  of  the  paper  of  Robert  R  Abbott,  presented  at  the  Cleveland  meeting, 
and  printed  in  BiUletin  No.  72,  December,  1912  (this  issue). 

H.  D.  HiBBARD,  Plainfield,  N".  J. : — ^Were  any  of  these  car- 
bonizing-materials  gaseous  ? 

Mr.  Abbott  : — ^None  of  them  were. 

Mr.  Hibbard: — ^It  is  regrettable  that  the  gases  were  not 
included.  From  some  indications  gas  carbonizing  is  leading 
at  present,  and  I  would  like  to  know  the  performance  of  gas- 
eous as  compared  with  solid  carbonizers. 

Mr.  Abbott  : — Straight  gases  were  not  included  because  the 
materials  which  I  used  gave  up  the  various  gases  which  are 
being  used  in  gas  carbonizing.  In  other  words,  I  generated 
in  the  materials  the  gases  which  are  sometimes  used  as  com- 
pressed gases. 

Mr.  Hibbard  : — It  is  considered  uncertain  what  gases  and 
what  amount  of  them  are  given  out,  and  the  temperatures  at 
which  they  are  set  free  from  these  materials.  I  have  heard  it 
claimed  that  the  temperatures  at  which  case-hardening  proceeds 
rapidly  are  above  those  at  which  the  gases  are  given  out,  and 
so  by  the  time  that  the  gases  are  pretty  well  expelled  from  the 
material,  case-hardening  is  hardly  ready  to  begin,  and  there- 
fore the  results  have  been  non-uniform  and  unsatisfactory. 
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SUBJECT  TO  BEVISIPy. 

[TRAN8ACTION3  OP  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


Recent  Developments  in  the  Inspection  of  Steel  Rails. 

Diacussion  of  the  paper  of  Robert  W.  Hunt,  presented  at  the  Cleveland  meeting, 
October,  1912,  and  published  in  Bulletin  No.  72,  December,  1912  (this  issue). 

H.  D.  HiBBARD,  Plainfield,  K  J. : — What  is  the  usual  amount 
of  discard  from  the  top  of  the  ingot  ?  Does  it  often  happen 
that  additional  discard  is  made  in  order  to  secure  soundness  of 
the  top  rail  of  the  ingot  ? 

Mr.  Hunt  : — There  is  no  uniform  practice.  The  generally 
accepted  one,  without  its  being  written  in  the  contract,  is  that 
the  discard  shall  amount  to  about  9  per  cent.  Many  of  the 
specifications  provide  that  it  shall  continue  until  seemingly 
sound  steel  is  reached  in  the  bloom.  A  few,  but  very  few,  con- 
tracts have  a  specific  discard  of  from  20  to  25  per  cent.,  but 
that  is  exceptional,  and  for  that  an  additional  charge  is  made 
by  the  manufacturer.  That  is  one  of  the  questions  which  is 
now  agitating  the  purchasers  of  rails — that  is,  the  railway  people 
— as  to  what  future  steps  they  shall  take.  There  is  a  very 
strong  tendency  towards  insisting  upon  at  least  one-third  of  the 
ingot  not  being  used  for  rails.  One  railway  company  pur- 
chased a  large  quantity  of  rails  where,  without  its  being  so 
stated  in  the  contract,  it  was  understood  that  the  top  bloom 
would  not  be  given  to  them.  The  manufacturers,  fortunately 
for  them,  had  two  rail-mills,  and  they  diverted  the  top  bloom 
to  the  other  mill,  where  it  was  rolled  into  rails  of  other  sections. 
Who  got  them  I  am  not  prepared  to  say. 

Wm.  II.  Blauvelt,  Syracuse,  N.  Y : — T  should  like  to  ask 
Mr.  Hunt  whether  the  same  organized  effort  is  being  made  to 
improve  the  uniformity  of  the  steel  in  the  ingot  before  it  passes 
to  the  rolls,  among  the  steel-makers  as  a  whole,  as  he  has  de- 
scribed in  this  treatment  of  the  steel  by  the  rolling-process. 

Mr.  Hunt  : — This  form  of  inspection  covers  the  metal  from 
the  time  it  is  tapped  from  the  furnace  or  poured  from  the  con- 
verter ;  its  action  in  the  ladle ;  what  additions  are  made  to  it, 
and  if  there  is  any  variation  from  the  works'  accepted  good 
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practice,  as,  if  the  slag  comes  ahead  of  the  steel  in  tapping;  if 
the  ladle-stopper  does  not  work  well,  and  it  is  a  badlj-poured 
heat;  if  cracked  ingot-molds  are  used;  if  some  of  the  ingots 
are  stickers,  etc. — in  fact,  the  whole  history  of  the  process  be- 
comes a  matter  of  record,  without  any  interference  on  the  part 
of  the  inspector.  The  result  has  been,  I  think  I  am  quite  safe 
in  saying,  that  there  have  been  a  great  number  of  heats  (I  will 
not  try  to  give  accurate  figures)  that  have  not  been  rolled  into 
rails,  which,  under  old  conditions,  would  have  gone.  They 
have  been  diverted  to  other  purposes,  or  put  aside,  and  not  ap- 
plied to  that  particular  rail-contract — and  I  say  this  without 
any  disrespect  to  the  steel-makers,  I  mean  the  managers  of 
works.  No  manager  can  be  in  all  parts  of  his  works  at  all 
times  and  see  everything,  and  as  long  as  the  men  are  paid  by 
the  ton,  it  is  human  nature  to  try  to  get  the  product  past. 

Frederick  Laist,  Anaconda,  Mont. :— I  read  somewhere 
that  about  2  per  cent,  of  copper  was  occasionally  added  to 
rail-steel  for  the  purpose  of  toughening  it.  Has  this  been 
done,  and,  if  so,  has  it  given  successful  results  ? 

Mr.  Hunt  : — The  Chicago,  Milwaukee  &  St.  Paul  railroad 
had  5,000  tons  of  rails  made  from  steel  to  which  copper  was 
added ;  it  was  expected  to  secure  about  0.5  per  cent,  of  copper 
in  the  rail;  that  is,  they  were  seeking  to  obtain  about  0.5  per 
cent,  of  copper  in  the  metal.  These  rails  were  made  by  the 
Illinois  Steel  Co.  The  manufacturing  results  were  entirely 
satisfactory.  .  The  copper  was  added  to  the  steel  in  the  casting- 
ladle  in  the  form  of  copper  wire,  so  as  to  get  small  individual 
pieces.  The  idea  originated  with  the  railway ;  in  fact,  I  might 
say  that  it  was  due  to  E.  W.  McKenna,  Vice-President  of  the  Chi- 
cago, Milwaukee  &  St.  Paul  railroad,  who  has  always  taken 
a  great  interest  in  steel  rails  and  was  the  inventor  and  intro- 
ducer of  the  McKenna  process,  so  called,  for  re-rolling  worn 
rails  of  large  sections  and  still  keeping  them  to  standard  sec- 
tions, which  practice  has  been  successfully  working  now  for 
some  12  or  15  years.  Mr.  McKenna's  idea  was  based  upon 
the  satisfactory  results  which  had  been  obtained  from  the  rails 
made  by  the  Bessemer  process  from  ores  from  Cornwall,  Pa.» 
which  contained  a  percentage  of  copper  that  yielded  about  0.5 
per  cent,  in  the  steel ;  the  analyses  of  the  rails  showed  about  0.5 
per  cent,  of  copper,  so  Mr.  McKenna  thought  that  they  would 
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see  what  putting  it  in  the  steel  in  the  above-described  way 
would  accomplish.  Of  course,  what  it  will  accomplish,  if  any 
thing,  remains  to  be  seen. 

Elwood  Haynes,  Kokomo,  Ind. : — The  inspection  of  the 
rails,  as  I  understand  it,  applies  to  the  finished  metal,  ready 
for  making  into  rails,  and  then  to  the  rail  itself  and  to  the 
method  of  treatment.  It  seems  to  me  that  back  of  that  the 
process  of  making  the  steel  is  fully  as  important  as  the  inspec- 
tion of  the  ingot  and  the  rail  after  it  is  worked  out.  The  in- 
troduction of  titanium  or  other  purifying  agents  into  the  steel, 
it  seems  to  me,  would  have  fully  as  much  effect  as  the  proper 
treatment  of  the  steel  in  rolling  it  into  rails.  In  the  automobile 
business  I  know  that  we  are  very  particular  to  use,  in  certain 
cases  where  the  material  is  subjected  to  vibration,  either  a 
nickel-steel  or  a  vanadium-steel.  Of  course  those  materials 
would  be  too  expensive  for  steel  rails.  I  have  made  a  great 
many  personal  tests  of  material  under  shock  and  under  vibra- 
tion. When  perfectly  good  steel  is  placed  under  vibration  a 
breaking-up  of  the  fibers  takes  place  after  a  little  while,  usually 
after  40,000  or  50,000  vibrations  of  a  certain  amplitude,  as  is 
well|  known,  of  course,  to  engineers,  and  the  apparently  good 
piece  of  steel  breaks.  The  physical  quality  or  its  general  ap- 
pearance apparently  makes  little  difference.  If  it  contains 
a  certain  amount  of  vanadium  or  nickel,  the  break  does  not 
occur  until  after  millions  of  vibrations.  It  seems  to  me  that 
the  inspection  should  go  back  to  the  composition  of  the  rail, 
which  is  fully  as  important  as  the  treatment. 

Mr.  Hibbard  : — When  shearing  off  the  usual  amount  dis- 
closes unsound  metal,  and  the  shearing  is  continued  until 
sound  metal  is  reached,  who  determines  when  this  additional 
shearing  shall  take  place  and  what  it  shall  amount  to? 

Mr.  Hunt; — That  is  a  point  which  I  am  glad  you  raised. 
It  has  led  to  perhaps  as  much  dispute  in  regard  to  the  working 
of  this  inspection  as  any  one  point.  It  is  a  very  delicate  situa- 
tion, as  to  how  the  inspector  shall  act  under  those  conditions. 
I  am  insisting  that  it  is  not  the  inspector's  duty ;  or,  rather, 
under  the  existing  contracts,  the  manufacturer  would  have  a 
right  to  object.  If  the  inspector  should  say  to  the  shearsman, 
"  You  must  continue  cutting  that  bloom  off,  you  have  not  cut 
it  enough,"  etc.,  the  responsibility  then  would  be  putnon  J:he 
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inspector,  and  the  manufacturer  relieved  from  it,  and  his  work- 
men relieved — as  the  shearsman  cut  as  long  as  the  inspector 
told  him  to,  etc.  The  inspector's  relations  are  not  quite 
that,  and  I  do  not  think  it  would  bring  as  good  results  as  if  he 
simply  satisfied  himself  that  a  certain  ingot  of  Heat  No.  so- 
and-so  had  been  improperly  sheared,  and  immediately  reported 
that  knowledge  to  the  foreman  in  charge  of  that  department 
in  somewhat  this  form:  "Your  shearsman  did  not  properly 
shear  that  bloom  or  those  blooms."  Such  a  reported  condition 
follows  that  bloom  into  the  rail ;  that  rail  has  that  individual 
history  attached  to  it,  and  it  follows  it  into  service,  and  the 
knowledge  of  such  notation  and  report  will,  in  my  judgment, 
result  in  the  workmen  beifag  more  careful  than  if  they  could 
say,  "  Well,  the  inspector  decided  the  bloom  was  sheared 
enough,"  or,  "  I  cut  it  as  far  as  the  inspector  wanted,"  etc. 
Proper  shearing  is  often  a  difficult  point  to  determine.  As 
every  steel-maker  knows,  the  movement  of  the  shear,  its  physi- 
cal action  on  the  steel,  is  very  much  like  cutting  a  piece  of 
cheese  with  a  knife ;  it  will  carry  the  metal  down  and  perhaps 
conceal  a  porous  condition.  A  very  pronounced  case  of  un- 
soundness can  be  readily  detected,  but  that  condition  is  not 
always  so  evident. 

R.  H.  SwEBTSER,  Columbus,  Ohio : — What  is  the  limit  of 
phosphorus  in  Bessemer  rails,  and  is  the  upper  limit  more 
closely  adhered  to  than  it  has  been  for  the  last  several  years  in 
the  United  States  ? 

Mr.  Hunt  : — Not  to  exceed  0.10  per  cent,  is  the  universal 
Bessemer  specification.  It  seldom  gets  above  0.096  per  cent; 
in  fact,  I  think  the  general  average  has  been  during  the  last 
few  years  perhaps  a  little  lower  than  it  was  preceding  that 
time.  As  a  rough  reason  for  it,  without  having  data  to 
back  the  opinion,  I  believe  that  the  large  consumption — or 
the  large  percentage  of  diversion,  if  I  may  so  put  it,  of  rail 
orders  to  the  open-hearth  process  has  relieved  the  strain  on  the 
Bessemer  ores,  so  that  those  mills  which  were  running  on  Bes- 
semer rails  have  had  less  trouble  in  obtaining  ores  giving  them 
phosphorus  well  within  the  0.10  per  cent,  limit  than  was  the 
case  a  few  years  ago  when  all  the  rails  were  made  by  the  Bes- 
semer process.  At  all  events,  I  know  the  current  reports  are 
showing  an  average  of  somewhat  lower  phosphorus. 
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OfTioM  in  All  Prineipal  Citias  of  tho  World 
G«Mpr6Mort    Rook  Drills    Core  Drills    Stopinfl  Drills    Elootrlo-AIr  Drills 

No.  7-HD 

^  (3)  "  ^  ^^ 
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MINING  SCREENS 

%  Used  in  sizing  Ores,  Coal,  Stone,  Crushed  and  Ground  Minerals 
and  other  products. 

%  STANDARD  SIZES  of  holes  varying  by  millimetres,  fractions, 
or  decimals  of  an  inch  in  metal  of  any  thickness  to  one  inch  Steel 
Plates. 

%  MANGANESE  BRONZE  or  MONEL  screens  for  acidulated 
mine  waters.  ._ 

The  **H.  &  K.  P.  CO."  SCREENS  typify  accuracy,  precision 
of  alignment,  capacity  and  durability — they  are  dependable. 

Sort  of  let  this  sink,  into  your  mind. 

The  very  "Cream**  of  the  screen  business  in  the  "Americas" 
comes  to  the  HARRINGTON  &  KING  PERFORATING  COM- 
PANY'S plant. 

There  must  be  some  good  reason  for  the  marked  preference 
shown  for  their  products  by  the  largest  and  most  progressive  com- 
panies in  the  country. 

Everywhere  you  hear  it— THE  HARRINGTON  &  KING  PER- 
FORATING  CO. — "the  real  up-to-the-minute"  Screen  makers, 
for  the  practical  men  who  have  to  do  with  the  Mining  Industry. 

WHAT  IS  THE  REASON?     THINK  IT  GV^L 

The  Harrington  &  King  Perforating  Co. 


621  North  Unioii  Street 


CHICAGO,  ILL. 


New  York  Office:  114  Uberty  Street 
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THE  SLOOAM  OF  THE  CMMEROH—"  CHMRMCTER :   THE  ORMHDEST  THIMO' 


CAMERON  PUMP5 


GRITTY  WATER  and  LIMITED  SPACE 

This  combination  can  be  easily  handled  by  the  CAMERON 
REMOVABLE  BUSHING  PATTERN  PUMP. 

The  Removable  Bushing  is  of  iron  or  composition,  which  can 
be  turned  within  the  water  cylinder  as  it  wears,  greatly  increas- 
ing the  length  of  service,  and  just  as  greatly  decreasing  the  cost 
of  maintenance. 

This  pump  is  backed  by  half  a  century  of  experience,  and  has 
proved  its  reliability  under  every  condition  of  service. 

If  you  want  to  pay  the  lowest  price  for  a  pump  that  will  give 
you  continuous  high  efficiency  with  the  least  attention  and  care, 
install  the  CAMERON. 

Interested  pump  users  may  have  a  copy  of  Catalog  No,  j  upon  request. 


A.  S.  Cameron  Steam  Pwnp  Works 

11  Broad  way.  New  York 
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THE  ISBELL 

Universal  Concentrator 

MEANS 
A  Mill  Without  Classification 


tiiaii^i>i*aa>iiiiiiiiiii 


Takes  feed  direct  from  8  mesh  or  finer  screen, 
or  regrinding  mill. 

Saving  mineral  that  will  pass  200  mesh  or  finer. 

Producing  clean  ccxicentrates  and  tailings. 

Handling  from  50  to  1 00  tons  of  ore  per  day. 

Saves  mill  space,  labor,  power,  water,  repairs, 
freight  charges  and  expense  of  installation. 

Obviates  the  use  of   jigs,  classifiers,  sizers  and 
vanners. 


pffffffffff»»f>»f»f»f»fft 


WRITE  US  FOR  FURTHER  INFORMATION. 

Isbell  Mining  Machinery  Co. 

Suite  1111,  Investment  Bldg. 
LOS    ANGELES,    CAL. 

^  ®  >  Digitized  by  Google 
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Weston  Ammeters  &  Voltmeters 

FOR  A.  C.  MINING  SERVICE 

These  instmments  are  of  the  same  standard  quality  and  possess 
the  same  features  of  durability  and  workmanship  as  the  well- 
known  Weston  standard  D.  C  instruments.  They  are  so  low 
in  price  as  to  be  within  the  reach  of  aU  users  of  electrical 
measuring  instruments. 

Weston  A.  C.  instruments  are — 

Dead  Beat 

Extremely  Sensitive 

Practically  Independent  of 

Wave  Form  and  Temperature 

Error,  and  require  very  little 

Power  to  operate 


EcHpie  Switchboud 
D.  G»  Instrument 


Portable  K  C 
Instrument 


FOR  D.  C.  CIRCUITS  OF  SMI  ALL. 
MINE  PLANTS 


Switchboard  A.  C 
Instrument 


Weston  Eclipse  Ammeters,  Milliammeters 
AND  Voltmeters 

are  well  suited.  They  are  of  the  ''  soft-iron  "  or  Electro- 
magnetic type,  remarkably  accurate,  well  made,  nicely 
finished,  and  especially  low  in  price.  Weston  Eclipse  in- 
struments are  far  in  advance  of  all  preceding  forms  of  the 
soft-iron  t]rpes. 

Write  for  catalogue  and  information. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark,  n.  j.,  u.  S.  A. 

N«w  York  Office  :  114  Liberty  Street. 

London  Branch  :  Audrey  House,  Ely  Place,  Holbom. 

Paris,  Franco  :  E.  H.  Cadiot,  12  Rue  St.  Georges. 

Boriin  :  European  Weston  Instrument  Co.,  Ltd.,  Schoneberg,  Genest  Str.,  5* 
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You  can't  measure  the  cost  of  a  belt 
by  its  purchase  price! 

There  are  three  things  which  should  be  considered  in  the  choice  of  a  conveyor  belt 
First  :  The  service  which  the  kind  of  belt  you  intend  to  buy  has  given  to 

others  In  your  line. 
Second  :  The  record  of  uniform  quality,  as  proven  in  actual  use ;  for  a  weak 

inch  of  belt  may  cost  a  week's  interruption  in  operation. 
Third  :  The  purchase  price.    This  consideration  is  placed  last,  because  it 
should  only  be  considered  as  a  last  lihk,  in  connection  with  the  other  two. 
Measured  by  the  quality  of  materials  in  it ;  by  the  construction  of  it ;  by  Its  records  of 
long,  uninterrupted  service  and  lu  low  cost  per  ton  of  material  handled,  measured  by 
the  reputation  of  the  house  which  makes  it  .  .  .  Goodrich  Conveyor  Belting  will  be 
found  the  best  on  any  basis. 

Send  for  a  sample  of  Goodrich  Conveyor  Belt  (mention  the  use  to  whlcn  it  is  to  be  put) 
and  note  its  quality,  flexibility  and  edge  construction. 

The  B.  F.  Goodrich  Co.,  akron,  ohio 


"Largest  in  the  Whole  WorM" 


^A 


m\i 


Conveyor  Belt 


' .'  ''1  A^f  wiP^TOW' w  vk'  \  lb Ml 


An  ezceptioiially  strong  pipe  for  high-pressure,  long-line  work. 

EXTENSIVELY  USED  FOR 

Hydraulic  Minings  Dredging  and  Sluicing^ 
Water  Supply  for  Mines  and  Mills  and 
Hydro-Electric  Power  Plants. 

Many  of  the  leading  companies  find  our  pipe  the  most 
economical  for  many  purposes  about  their  plants. 

3  TO  42  INCHES  DIAMETER. 
LENGTH   UP   TO   40    FEET. 

Prompt  delivery  may  be  had  in  practically  all  sizes 

AMERICAN  SPIRAL  PIPE  WORKS 

Main  Office  ukI  Works 
CHICAGO 

Digitized  by  VjOOQIC 


Eastern  Office 
50  CHURCH  ST^  N.  Y. 
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First  Motion  Winding  Engines 

EQUIPPED  WITH 

Nicholson  Device  for  Prevention  of  Overwinding. 

Send  for  new  catalog— just  from  the  press. 

Vulcan  Iron  Works  •  •  Wukes-Barre^  Pa. 


BUCKEYE  STEAM  ENGINES 

Reliability  is  a  feature  which  has  made  them  favorites  in 
the  mining  world.  The  simplicity  of  design  and  ease  with 
which  they  are  operated  in  either  direct  connected  or  belted 
senrice,  render  them  pa3ring  investments. 


When  in  need  of  power  write  us. 


Horse  Powers  from  50  up. 


BUCKEYE  ENGINE  CO.,  salem,  ohio 


STEAM 


GAS 
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Star  Portable  Drilling  Machines 

Built  in  miivty  aizcfi  faoth  traction  and  non- tract  ion, 
for  drilling  all  depths  to  ^at»  feet. 


EQUIPPED  rOB  STEAM,  0A8  OB  ELECTBICAL  POWEB. 

For  Water  Wells — Oil  and  Gas  Wells — Mineral  Prospecting — Railroad  and  Canal 
Excavations — Cement  and  Crushed  Stone  Quarriea — Bridge  Soundings — Coal 
Mine  Ventilladon — Irrigation,  Etc  Write  for  Illustrated  Catalog. 

THE  STAR  DRILLING  MACHINE  COMPANY, 
General  Offloes :  Akron,  Ohio.  Branch  Office :  108  Fnlton  St.,  New  York  City. 

Works  :  Akron,  Ohio.— Chanute,  Kansas.— Portland,  Oregon.— Long  Beach,  Cal. 


The  Standard 

Wire  Rope 

for  Mining 

BARE   AND   INSULATED 
IRON,    STEEL  AND 
COPPER  WIRE 


For  Prices 
and  other 
Information, 
address 


John  A.  Roebling'8 
Sons  Co. 

TRENTON,  N.  J. 


Stock   Shipments  from   agencies 
and   branches  throughout  the  country 
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STURTE^ANT 


RING-ROLL   ORE    PULVERIZER 


FOR   DRY  GRINDING 


OUTPUT 


{6  TO  10  TO 
S  -  6  . 
2     ••     4 


TONS  PER  HOUHTO  40  MESH 

80 

100 


lESH  I 


3S  TO  4S 
HORSE  POWER 


Send  for  Catalogue 

STURTEVANT  MILL  CO.,  BOSTON,  MASS. 


The  Roessler  &  Hasslacher 
Chemical  Company 


Work* 
PERTH  AMBOY.  NEW  JERSEY 


100  William  Street 
NEW  YORK 


Cyanide  98-99% 

(Old  standard)  39  %  Cyanogen* 

Cyanide  of  Sodium  j28-j3o% 

(New  standard)  52%  Cyanogen* 


(U) 
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Chicago-Rawhide 
Pinions 

Th«  best  that  selected  materiel  and  carelnl 
workmanship  can  produce 


The  Chicago  Rawhide  Mfg.  Co. 

1301  Ekton  Avenue  CHICAGO,  ILL. 

The  Automatic  Safety  Mine-Car  Cager 

FOR  COAL  OR  ORE  MINES 

Preyents  delays.     Eliminates  accidents.     Increases  output.     Decreases  costs. 

Edgar  G.  Banta,  Sole  Sales  Agent,  Fairbanks  Bldg. 
SPRINGFIELD,  OHIO 

Manufactured  by  The  Mining  Safety  Device  Co.,  Bowerston,  (Miio 


ACCURACY  IN  MEASUREMENTS   ^.^^^^ 

is  best  obtained  through  the  use  of  >^":  -\  3R|^^^ 

MEASURING  TAPES  wUH 

%  The  more  severe  the  test,  the  better  their  showing.  \,  ;    jj^t^^^ 

For  sale  by  all  dealers.    Send  for  Catalogue.  ^^%,^^ja^^^^^ 

WElmagffULEQo.  ^^mw.  Mm.,  u. «.  L 

NKW  YORK  LONDON,  KNO.  WINDSOR.  CAN. 


CONVEYOR  BELTING 

YOU   WILL  OCT   LONO.    HARD   RCRVICC   OUT  OF  OUR    RKLTINO.   RCCAUSC 

WK   PUT  SO   MUCH    QUALITY   INTO   IT. 

RIDQWAY'S    HINOK    COCK    RCLT   POR  TROUOH    CONVCYINO  IS   MADC    RY 

US  CXCLUSIVCLY. 

WC     ALSO     MAKE    SCLTINO     POR     SUCKCT     CONVCYORR,    AND     RCOULAR 

RTYLCR  OP  CONVCYOR   RKLTINQ. 

Write  for  descriptive  matter,  prices,  etc. 

QUAKER    CITY    RUBBER    COMPANY 

Philadelphia         Chicago         Pittsburgh         New  York 
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BEER,  SONDHEIMER  &  CO. 

Frankfort-bn-MaIn,  Germany 

NEW   YORK   OFFICE       -       -       42  BROADWAY 

Zinc  Ores,  Carbonates,  Sulphides  and  Mixed  Ores,  Copper  Ores, 
Copper  Matte,  Copper  Bullion,  Lead  Bullion,  Lead  Ores,  Antinxmy 
Ores,  Iron  and  Manganese  Ores,  Copper,  Spelter,  Antimony,  Anti- 
monial  Lead,  Sulphate  of  Copper,  Arsenic,  Zinc  Dust. 

Own  Smelttng  and  Refining  Works 


L  V0GEL5TEIN  &  CO. 

42  Broadway  NEW  YORK 

BUYERS,  SMELTERS 
AND  REFINERS  OF 

Ores  and  Metals  of  AU  Classes 

Agents  {for : 
Aren  Hinch  ft  Sohn,  Halberstftdt,  Qermany. 

United  States  Metals  Refininr  Co^  Chrome,  N.  1.  and  Qrasselli,  Ind. 
American  Zinc,  Lead  A  Smelting  Co.,  Caney  and  Dearing,  Kansas. 
Kanaas  Zinc  Co.,  La  Harpe,  Kansas. 
The  Electrolytic  Refining  A  Smelting  Co.  of  Australia,  Ltd.,  Port  Kembla,  N.  S.  W. 


IN  PREPARATiON-A  NEW  VOLUME  ON 

ORE-DEPOSITS 

A  corUiniuUion  of  the  **Po9epny**  Volume 

Comprising  Papers  Descriptive  of  Ore- Deposits  and  Discussions  of 
their  Origin,  Edited,  with  an  Introduction,  by  Dr.  S.  P,  Emmons. 

The  Tolume  contains  also  a  Biographical  Notice  of  Dr.  Emmons  bj  his 
associate  and  friend^  Dr.  George  F.  Becker,  and  a  comprehensiye  Biographi- 
cal Index  of  the  Science  of  Ore-Deposits,  prepared  by  Prof.  John  D,  Irving, 
of  the  Sheffield  Scientific  School  of  Yale  University. 

For  details  concerning  time  of  pMicationf  price,  etc. ,  address 

AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

ag  West  39th  Street,  New  York,  N.  Y. 


A  Durable  Metal  Coating  for  all  Metallic  Surfaces 

SEMPLE-S  BLACK  OXIDE  PAINT 
LASTS  FROM  6  TO  10  YEARS 

Air,  acid  and  water  proof.  Sulphur  water  does  not  feaze  it.  Kills  mat 
already  formed  and  prevents  rust  fonnation.  Dries  readily  when  applied 
to  dry  or  wet  surfaces  and  will  not  run  when  surface  ia  frosty.  Bakes 
fast  to  hot  atacks. 

PRICE  $1.00  PER  GALLON. 

Manufactured  by 
Betabuehed  1870.  F.  G.  SEMPLE,  South  Bethlehem,  Pa. 
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MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALUS-CHALMERS  COMPANY 

Milwauk««,  Wisconsin. 


MINING   MACHINERY  of  Every  Type. 
Power  and  Electrical  Equipments. 


Complete 


SPIRAL 

AMERICAN  SPIRAL  PIPE  WORKS 

Chicago,  III. 

RIVETED 

Spiral  Riyited  Pipe  Especially  Suited  for  Water  Supply 

PIPE 

Lines  for  Mines,  Mills,  Hydraulic  Operations,  Hydro- 

Electrice  Plants,  Dredging,  etc. 

NEW 
PROCESSES 


ANSON  G.  BETTS 

Troy,  N.Y, 

Electrolytic  Lead  Refining;  Zinc  Recovery  from 
Complex  Ores;  Laboratories  for  Metallurgical  Re- 
search. 


BUCKEYE 

STEAM 
ENGINES 


BUCKEYE  ENGINE  CO. 

Salem,  Ohio. 

Buckeye  Engines  are  reliable  because  of  the  simplicity 
of  design  and  ease  with  which  they  are  operated  in 
either  connected  or  belted  service.  Wlien  in  need  of 
power  write  us. 


PUMPS 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  N«w  York. 

CAMERON  VERTICAL  PLUNGER  SINKING 
PUMPS,  for  shaft  sinking.  CAMERON  HORIZON- 
TAL PLUNGER  STATION  PUMPS,  for  handling 
gritty  water. 


AIR 

COMPRESSORS 

PNEUMATIC 

TOOLS  AND 

APPLIANCES 


CHICAGO  PNEUMATIC  TOOL  CO. 


Chicago. 


London. 


N«w  York. 


AIR  COMPRESSORS,  ROCK  DRILLS,  HAMMER 
DRILLS,  PNEUMATIC  HAMMERS,  ELECTRIC 
and  PNEUMATIC  DRILLS  and  APPLIANCES. 
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THE  CHICAGO  RAWHIDE  MFG.  CO. 

1301   ElstoA  Av«.,  Chicago,  III. 
BELTING,   Lace   Leather,  Rawhide   Rope,  Rawhide 
Mallets  and  Hammers,  Hydraulic  Packing. 
WE    ORIGINATED    THE    RAWHIDE    PINION. 


MECHANICAL 

LEATHER 
SPECIALTIES 


CHROME  STEEL  WORKS 

Chromo,  N.  J. 

SHOES 

AND 

Stamp    MiUs.      CANDA    SELF-LOCKING    CAMS; 

TAPPETS;  BOSSHEADS;  CAM  SHAFTS;  STAMP 

DIES 

STEMS. 

THE  DENVER  FIRE  CLAY  CO. 

Donvor,  Colo.  Salt  Lako  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIFIERS,  MufiSes,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  Cata- 
logue. 


ASSAYERS 

AND 
CHEIMISTS 
SUPPLIES 


DENVER  ROOK  DRILL  &  MACHINERY  CO. 

ROCK  DRILLS 

D«nv«r,  C«lo. 

AIR 

PUMPING     MACHINERY,     BOILERS    and    EN- 

COMPRESSORS 

GINES,  GASOLINE  ENGINES,  MINING  MACHI- 

HOISTS 

NERY,  COMPLETE  POWER  PLANTS. 

ETC. 

GENERAL  ELECTRIC  CO. 

Schenoetady,  N.  Y. 

ELECTRIC  MINE  LOCOMOTIVES.     ELECTRIC 
MOTORS  for  Operating  Mining  Machinery. 


ELECTRIC 

MINE 

LOCOMOTIVES 


GOODMAN  MANUFACTURING  CO. 

Chicago,  Illinois. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


ELECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 
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CONVEYOR 
BELTS 


THE  B.  F.  GOODRICH  CO. 

Akron,  Ohio. 

Goodrich  "Longlife"  "Economy"  ft  "Qrainbclt"  CON- 
VEYOR BELTS  will  handle  more  tons  per  dollar  of 
cost  than  any  other  belts  made. 


PERFORATED 
METALS 


HARRINGTON  &  KING  PERFORATING  CO. 

621  North  Union  St.,  Now  York  Offioo  : 

Chicago,  III.,  U.  S.  A.  114  Liborty  St. 

Manufacturers  of  Perforated  Metal  Mining  Screens  of 
every  description,  and  for  screens  of  all  kinds. 

See  advertisement  on  page  4. 


SPELTER 

ILLINOIS  ZINC  CO. 

SHEET  ZINC 

Poru,  III. 

SULPHURIC 

Manufacturers  of   SPELTER,    SHEET    ZINC    and 

ACID 

SULPHURIC   ACID. 

COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  Now  York. 
'*Retum-Air"  Pwmps,  Coal  Shearers,  Pneumatic  Hoists, 
**Electric-Air"  DriUs,  Coal  Punchers,  Pneumatic  Tools, 
«<Calyx"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


ISBELL 
CONCENTRATOR 


ISBELL  MINING  MACHINERY  CO. 

Los  Angolos,  Cal. 

Manufacturers  of  the  ISBELL  UNIVERSAL  CON- 
CENTRATOR.    Write  for  further  information. 


THE  JEFFREY  MFG.  CO. 

COAL 

Columbus,  Ohio. 

MINING 
MACHINERY 

Electric  and  Air  Power  Coal  CuUers  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Conyeyors,  Fans,  Hoists, 
Pumps,  etc. 
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LEAD  LINED  IRON  PIPE  CO. 

Wak«fl«ld,  Mass. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — for  Acids  and  Corrosive  Waters. 


LEAD  LINED 

IRON  PIPE. 

AND  VALVES 


A.  LESCHEN  &  SONS  ROPE  CO. 

mBDMHniHTIABa 

llMrTwfc  CUm*  St.  Lauia,  Mo.  ■>«««  SuFnadM* 
Producini^  WIRE  ROPE  of  qualities  and  construction 
adapted  to  every  condition  of  wire  rope  service,  includ- 
ing the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  constructions.  Systems  of  Aerial 
Wire  Rope  Tramways  for  the  economical  transportation 
of  any  material. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


MACOMBER  &  WHYTE  ROPE  C0« 

Chioago,  III. 
New  York        Pltt«l)iira        KaiiMwaty        SeatOe         PortUvd 

Manufacturers  of  High  Grade  Wire  and  Wire  Rope  for 
every  purpose.  Sole  makers  of  Patent  Kilindo  Non- 
roUting,  "Monarch**  and  MacWhyte  Wire  Ropes. 
Lawson  Looped  Section  Tramways. 


WIRE   ROPES 

AERIAL 
WIRE  ROPE 
TRAMWAYS 

BLOCKS   FOR 
WIRE  ROPE 


MASHEK  ENGINEERING  CO. 

90  Wast  St.,  Naw  York.  . 
Complete  plant  equipments  4,  8,  z6  and  35  tons  of  a  to 
3  oz.  smokeless  and  odorless  briquettes  per  hour.    Com- 
plete plants  designed  and  erected. 


BRIQUETTING 
MACHINERY 


THE  MINING  SAFETY  DEVICE  CO. 

Edgar  C.  Banta,  Springfield,  Ohio. 

Sole  Sales  Agent  for  the  Automatic  Safety  MINE-CAR 
CAQER,  manufactured  hy  The  Mine  Safety  Device  Co. 
Prevents  injury  to  eager.  May  be  used  on  tipples  and 
inclines  or  in  slope  mines.  Increases  output  and  de- 
creases cost. 


AUTOMATIC 

SAFETY 

MINE-CAR 

CAGER 


OTIS  ELEVATOR  COMPANY 

Elavanth  Ava.  and  Twanty-Sixth  St.,  Naw  York. 

OFPICCa   IN  ALL  PRINCIPAL  CITICS  OP  THK  WORLD. 

Build  and  erect  all  types  of  Freight  and  Passenger  Ele- 
vators— for  all  kinds  of  power; — including  Furnace 
Hoists,  Inclined  Railways,  and  Special  Hoisting  Equip- 
ments and  Machines  for  Mining  use.  Correspondence 
invited. 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 
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ROCK 
CRUSHERS 

COPPER 
CONVERTERS 

MINING 
MACHINERY 


POWER  AND  MINING  MACHINERY  CO. 

116  Broadway,  Naw  York. 

Works:  Cudahy,  Wis. 

McCuUy  Gyratory  Crushers;  Timber  Creosoting  Plants; 

Superior  Jaw  Crushers;    Cement  Making  Machinery; 

Copper  Converters ;   Gas  Producers. 


CONVEYOR 
BELTING 


QUAKER  CITY  RUBBER  COMPANY 

Phlladalphia,  Pa. 

We  are  the  sole  manufacturers  of  Ridgway  patented 
Hinge  Edge  Belt  for  trough  conveying.  We  also  manu- 
facture regular  styles  of  Conveyor  Belt.  Belting  for 
Bucket  Elevators  a  specialty.  Tell  us  your  belting 
problems. 


ROBINS 

BELT 

CONVEYORS 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Park  Row,  Naw  York. 

Messiter  ORE  BEDDING  Systems-^PURNACB 
FEEDERS;  SORTING  BELTS,  and  many  other 
special  applications  of  what  was  the  Pioneer  and  is  the 
Standard  Belt  Conveyor.;  Coal  Handling  Systems; 
Electric  Locomotives ;  Hoisting  Machinery. 


WIRE 
ROPE 


JOHN  A.  ROEBLING'S  SONS  CO. 

Trenton,  N.  J. 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 
agencies  and  branches  throughout  the  country. 


POSITIVE 

PRESSURE 

BLOWERS 

VACUUM  AND 
ROTARY  PUMPS 

GAS 
EXHAUSTERS 


P.  H.  &  F.  M.  ROOTS  CO. 

Connorsvlila,  Ind. 

Manufacturers  of  the  Roots  Positive  Pressure  Blowers 
for  Smelting,  Foundry  and  Filtration  Work.  Write 
for  Catalogue. 


SEMPLE'8 
BLACK 
OXIDE 
PAINT 


F.  G.  SEMPLE 

South    Bathlohom,  Pa. 
Manufacturer  of  SEMPLE*S  BLACK  OXIDE  PAINT. 
A  DURABLE  metal  coating  for  all  metallic  surfaces. 
Price  $t.oo  per  gallon. 
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METALLURGICAL  EQUIPMENT 


THE  STAR  DRILLING  MACHINE  COMPANY 

G«n«ral  Offlo«s :  Akron,  O. 
Branoh  Office  :  108  Fulton  St.,  Now  York  City. 
W«ria:  Akrw,  OU«.-€lMB«te.  KaMM.-P«rtlui4,  OrtffM.— Loaf  BmA,  Cd. 
Manufacturers  of  Portable  Well  Drilling  Machinery, 
traction  or  non-traction  for  drilling  all  depths  to  4000 
feet,  equipped  for  Steam,  Gas  or  Electrical  Power. 


DRILLING 
MACHINERY 


STURTEVANT  MILL  CO. 

Boston,  Mass. 
STURTEVANT  Steel  Plate  Crushers,  Balanced  Rolls, 
Ring-Roll  Pulverizers,  Newaygo  Screens,  Laboratory 
Crushers,  Rolls  and  Screens. 


CRUSHING 

GRINDING 

SCREENING 

MACHINERY 


SULLIVAN  MACHINERY  CO. 

122  South  Michigan  Avo.,  Chioage,  III. 
Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Fans. 


ROCK   DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


VULCAN  IRON  WORKS 

Wllkos-Barra,  Pa. 
Vulcan  Electric  Mine    Hoists,   Steam   Hoists,  Hoist- 
ing and    Haulage    Engines,   Mining    Machinery,  etc. 
Nicholson  Device  for  Prevention  of  Overwinding. 


MINE 
HOISTS 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Wavoriy  Park,  Nowark,  N.J. 

Weston  Eclipse  AMMETERS,  MILLIAMMETERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 


AMMETERS 

AND 

VOLTMETERS 


DIRECTORY  CARDS 

RATE  FOR  PUBLICATION  OF  CARDS  IN 
THE  DIRECTORY  OF  MINING  AND  METAL- 
LURGICAL EQUIPMENT  WILL  BE  QUOTED 
ON    REQUEST. 


RATES 
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Advertisements. 


PROFESSIONAL  CARDS 

ALDRID6E,  WALTER  H. 

Consnltins  Mininrand 
Metftllurglcal  Engineer 

14  WaU  Street                  NEW  TORS 

COULDREY,  PAUL  S. 

Mining  Engineer 

General  Superintendent 
CnxRo  DB  Pasco  Minihg  Co. 

CERRO  i»  PASCO.  PERU 
SOUTH  AMERICA 

ARMSTEAD.  Henry  Howell 

Consnltiiig  Eofiieer 

20  Broadway 

NEW  YORK 

Apartado  65,  Guanajuato,  Mexico 

BARZA-ALDAPE.  J.  M. 
MinlBg  ud  Metallirgieal  EnlMer 

Address  :  Calle  de  Bodrignm  No.  5 
(P.  O.  Box  Na  226) 

torre6n-coahuiu-mexico 

BEATTY,  A.  CHESTER 

Contuttini  Mlnini  EnfinMr, 
71  Broadway, 

NEW  YORK,  N.  Y. 

Cable  Aadmt: 

GranKlc. 

8REENE,  FRED  T. 

BUver  Bow  dub,         BUTTB,  MOHT. 

BREWER,  WM.  M. 

P.  0.  Box  TOl.             VIOTOBIA,  B.  0. 

HALL,  EDWIN 

LU8K,  WYOMING 

Mining  Engineer.  Wyemlng  Oileud 
Copper  a  epeoialty 

BURGH,  H.  KENYON 

■eehanleal  and  Metallnrrieal  Engineer 

Designer  and  BuUder  of 
Power,  Holstlnr,  Pumplnr, 
Cnuhing  and  MlUlnr  Flante. 

c».^:.ui^  Concentration  of  Ore*, 
bpecialtics  Economic  Handling  of  Materials. 

HAMMOND.  JOHN  HAYS, 

Conealting  Eagineer, 
71  Bioadway,              NEW  YORK. 

CHANNING,  J.  PARKE 

Coitulting  Engineer, 
43  Broadway,               NEW  YORK. 

TRANSACTIONS  OF  THE 

American  loatittste  of  BAining  Eogteeeti. 

COIXECTIVE  INDEXES 

Vols.  I.  to  XXXV.,  CI..  $5 ;  %  Mor.  fd. 

Vols.  XXXVI.  to  XL., CI..  $1.50 :  H  Mor.^.so. 
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PROFESSIONAL  CARDS 


HANKS,  ABBOT  A. 

Chemist  and  Astayer 

EsUbUsbed  1866 

Control  and  Umpire  Assays,  Superri- 
sioD  of  Sampling  at  Smelters,  Cbemlcal 
Analyses  of  Ores,  Minerals,  Mineral 
Waters,  etc. 

€30  Saenmaito  8L    San  FraooISM,  Cal. 


HARDMAN,  JOHN  E. 

Consnltlng  Mining  Engineer, 

112  St  James  St 

MONTREAL.  CANADA. 


KLEPETKO,  FRANK 

ConMlting  Engineer 
Mining  and  Metalinrgy 


42  Broadway 


NEW  YORK 


HAWXHURST,  ROBERT,  Jr. 
Ninlng  Engineer 

c/o  International  Banking  Corp'n 
36  Bishopsgate  St 

LONDON,  E.  C,  ENGLAND 


LAW,  PAUL  W. 

Mining  and  Consnltlng  Engineer 

Real  del  Monte,    HIDALGO.  MEXICO 
Apabtado  No.  8 


LEDOUX  L  COMPANY 

Assayers  and  Samplers 

99  John  Street,  NEW  YORK 

Independent  Sampling  Works 

New  York  and  J  ersey  City 

Bepiesentatives  at  all  refineries  and 

smelters  on  Atlantic  seaboard 


HOYLE,  CHARLES 

Mining  Engineer, 

Apartado  8,  El  Ore, 

ESTADO  DE  MEXICO.  MEXICO. 


LOWE,  HENRY  P. 

Cnnsniting  and  Mining  Engineer. 
CENTRAL  CITY.  COLORADO. 

Bedford  McNeill  Ctode, "  Low*.  D«nt«r." 


JENNINGS,  E.  P. 

Consnltlng  Mining 
607  Newhonse  Building, 

SALT  UKE  CITY.  OTAH. 


Mines  Management  Company 

CoBvaltliiff  Mlnliiff  EnfflnMm 

and  Mine  Hanaffera 

60  Broadway  NEW  YORK  CITY 

Branches  : 

Liraita,  Fi'—^    28  aai  2t  St  SiriiyM  Laae 

M«iico.D.F,  ATtddBlS4eSeplicBke.NM.a 


Cable  Address : 
"Minmanco" 


Code: 
Bedford-McNeill 
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PROFESSIONAL  CARDS 

MYERS.  DESAIX  B. 

Miniig  Engiaeer 

821  Story  Building 

LOS  ANGELES 

RICKETTS  L  BANKS^ 

•  80  Maiden  Lane,  New  Yoric, 

Mining,  Metallnrglcal  and 

Chemical  Engineere. 

Exmninadon  of  Properties.    Testing  of  Ores 
for  Best  Process  of  Tremtment.   CoDsultiition 
In  MlningfMetallurgicaUnd  MilUng  Priurtice. 

PARKER,  RICHARD  A. 

Consolting  Mining  Engineer 
929  Foster  Bnilding               DENVER 

RICHARDS,  ROBERT  H. 

BOSTON,  MASS. 

RIORDAN,  D.  M. 

Howard  Poillom                  C.  H.  Poiribr 

POILLON  L  POIRIER 

Mining  Englneert 

25  Broad  Street 

NEW  YORK  CITY 

PORTER  W.  8HIMER  ft  SON 

Metallarglcal  Cbmitto 

Establish  ID  1885 
AulfSM  W  iiM.  stesl.  ni  elW  Mtals.  ekis. 

CONSULTATION 

INVESTIGATION      EASTON,  PENN'A 

RAYMOND,  ROSSITER  W. 

Mining  Engineer  and  Metailnrglst 

29  West  Thirty-Ninth  Strkkt 

NEW  YORK 

SPILSBURY,  E.  6YBB0N, 

Ctonanlttnif,  Givll,  Mlidiiir 
and  Metallnrgioal  BngliiMr. 

45  Broadway,              NEW  YORK. 

Cable  Addrea:  **Bparoe/>  Nmo  Tor*. 

REVETT,  BEN  STANLEY 

Mining  Engineer 
Alluvial  Mining 

AND  Installations 
BRECKENRIDGE,  COLORADO 
caii:  •« Dredger" 
M:  Bedlbrd-McNell 

SYMMES,  WHITMAN 

Mining  Engineer 

VIRGINIA  CITY,  NEVADA 

Sapt  United  Comstock  Pumping  Amd. 
Supt.  Mexican  Mine,  Union  Mine,  etc 
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TREDWELU  WILBUR 

WEED,  M.  B. 

MlBing  Eiglneer 

Mining  EnglMer 

PHCNIX,  ARIZONA 

LANDER,  WYOMINS 

& 


^ 


BLUE  ENAMELED  PIN  SOLD  CROSS  HAMMEHS  sEAL  FOB 

SlLVEB  Gk)LD  Gk)LD  SlLVER  GoLD 

$0.75  $2.60  $2.75  $2.60  to  $4.00    $12  to  $20 

Badf^es  of  the  above  designs  can  be  obtained  on  application  to  the  Sec'y, 
American  Institute  of  Mining  Engineers,  ag  West  39th  St.,  New  York. 


CHROME  STE£L  WORKS 

CI1ROME.N.J..U.S.A. 


^ 


Longest  Service  I       Most  EoononnlcaJI 

TRADB 

Adamantine  Chrome  Steel 


SHOES  AND  DIES 

FOR  STAMP  MILLS 

Canda  Self-Locking  Cams 

Tappets      t      Bosslieails 

Cam  Sbafts     t     Stamp  Stems 

Mvnd  for  iilumtrat«d  p^rm^phict 
*'€ht^ome  Mtett  Stamp  MUl  PartM" 

Repres«tit«d  by  i 
L  F.  Spellmu^  First  Nat'l  Bank  Bldg.,  DeoTdr^  C^iL 

G.  W.  Mrere*  Kohl  Bldg.,  Ban  FtaadoooTCfU  ^ 

Digitized  by  VJ 00; 
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WOODBURY  JIGS 

The  Science  of  Ore  Dressing 


Complete  information  will  be 

furnished  regarding  these  jigs 

and  the  Woodbury  Blime 

Classifier  on 

application. 


IfcVRITK    FOR    BULI^EXlBf 

PiO.   40-40, 


THE  pulsations  being  in  line  with  the  flow  of  the  pulp 
over  the  sieve,  the  capacity  is  increased  and  at  the 
same  time  a  complete  stratification  takes  place  near  the 
head  of  the  screen.  This  allows  the  discharge  points  to 
operate  on  layers  which  contain  their  proper  grains  only. 
Hence  the  products. 

Concentrates — Clean  cup  and  hutch  concentrates. 
Middlings — A  true  product  with  no  free  mineral  regrounds. 
Tailings — Lower  in  values  than  any  other  system. 


j[  POWER  &  MINING  MACHINERY  CO.  j 

'•   .   WORKS:  CLDAilY,  WIS.  New  York  Office-     11^   Hto.iJa  ,y       J 


District  Offices :  New  York,  Chicago,  El  Paso,  San  Francisco,  Atlanta 

Western  Sales  Office  :  United  Iron  Works,  Spokane,  Wash.  M-262.8 
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IN  PREPAIIATION-A  NEW  VOLUME  ON 

ORE-DEPOSITS 

A  eonliniuUion  of  the  ^*Poaepney^*  Volume 

Comprising  Papers  Descriptive  of  Ore-Deposits  and  Discussions  of 
their  Origin,  Edited,  with  «n  Introduction,  by  Dr.  S.  F.  Emmons. 

Contents. 

Genesis  of  Certain  Ore-Deposits.    By  S.  F.  Emmons. 

Structural  Relations  of  Ore- Deposits.    By  S.  F.  Emmons. 

Geological  Distribution  of  the  Useful  Metals  in  the  United  States.  By  8.  F.  Emmons.  Discus- 
sion, by  John  A.  Church,  Arthuk  Winslow.  S.  F.  Emmons,  and  William  Hamilton 
Mebritt. 

Torsional  Theory  of  Joints.  By  Gkorgk  F.  BeckiiR.  Discussion  by  H.  H.  Howe,  R.  W.  Ray- 
mond, C.  R.  Boyd,  and  George  F.  Becker. 

AUotroplsmof  Gold.    By  Henry  Louis. 

Superficial  Alteration  of  Ore-Deposits.    By  R.  A.  F.  Penrose,  Jr. 

Some  Mines  of  Rosita  and  Silver  Cliff,  Colorado.    By  S.  F.  Emmons. 

Genesis  of  Certain  Auriferous  Lodes.  By  John  R.  Don.  Disca^sion,  by  Joseph  Lb  Conte,  S. 
F.  Emmons.  G.  F.  Becker,  Arthur  Winslow,  W.  P.  Blake,  and  J  R.  Don. 

Influence  of  Country  Rocic  on  Mineral  Veins.    By  Walter  Harvey  Weed. 

Igneous  Rocks  and  circulating  Waters  as  Factors  in  Ore-Deposition.    By  J.  F.  Kemp. 

Consideration  of  Igneous  Rucks  and  Their  Segregation  or  DiflTerentiatiou  as  Related  to  the 
Occurrence  of  Ores.    By  J.  £.  Spurr.    Discussion,  by  A.  N.  Winchell. 

Chemistry  of  Ore-Deposiiion.    By  Walter  P.  Jennsk.    Discussion,  by  John  A.  Church. 

Ore-Deposits  near  Igneous  Contacts.  By  Walter  Harvey  Weed.  Discussion,  by  W.  L. 
Austin. 

Ore-Deposition  and  Vein-Enrichment  by  Ascending  Hot  Waters.   By  Walter  Harvey  Weed. 

Basaltic  Zones  as  Guides  to  Ore- Deposits  in  the  Cripple  Creek  District,  Colorado.  By  £.  A. 
Stevens. 

Geological  Features  of  the  Gold-Production  of  North  America.  By  W.  Lindgren.  Discus- 
sion, by  W.  G.  Miller,  and  W.  L.  Austin. 

Osmosis  as  a  Factor  in  Ore-Formation.    By  Halbert  Powers  Gillette. 

Ore-Deposits  of  Sudbury,  Ontario.    By  Charles  W.  Dickson. 

Genesis  of  the  Copper-Deposits  of  Cllfton-Morenci,  Arisona.    By  W.  Lindoren. 

Copper-Deposits  at  San  Jose,  Tamaulipas,  Mexico.    By  J.  F.  Kemp. 

Hagmatic  Origin  of  Vein-Forming  Waters  in  Southeastern  Alaska.    By  A.  C.  Spencer. 

Genetic  Relations  of  the  Western  Nevada  Ores.    By  J.  E.  Spurr. 

Are  the  Quartz  Veins  of  Silver  Peak,  Nevada,  the  Result  of  Magmaiic  Segregation?  By  J.  B. 
Hastings. 

Occurrence  of  Stibnite  at  Steamboat  Springs,  Nevada.    By  W.  Lindgren. 

Summary  of  Lake  Superior  Geology  with  Special  Reference  to  Recent  Studies  of  the  Iron- 
Bearing  Series.    By  C.  K.  Leith. 

Geological  Relations  of  the  Scandinavian  Iron-Ores.    By  H.  Sjogren. 

Formation  and  Eurlchmeni  of  Ore-Bearing  Veins.  (With  Supplementary  Paper.)  By  G  kokoe 
J.  Bancroft. 

Distribution  of  the  Elements  in  Igneous  Rocks.    By  H.  S.  Washington. 

Agency  of  Manganese  in  the  Superficial  Alteration  and  Secondary  Enrichment  of  Gold-De- 
posits of  the  United  States.    By  W.  H.  Emmons. 

Cognate  Papers. 

Bibliography  of  the  Science  of  Ore-Deposits.    By  J.  D.  Irving. 

The  volume  oontaius  also  a  Biographical  Notice  of  Dr.  Ejdiuoos  by  his  asso- 
ciate and  friend,  Dr.  George  F.  Becker,  and  a  comprehensive  Biographical  Index 
of  the  Science  of  Ore-Deposits,  prepared  by  Prof.  John  D.  Irving,  of  the  Sheffield 
Scientific  School  of  Yale  University. 

For  details  coiiceming  time  of  publication,  price,  etc.,  address 

AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

99  West  39th  St.,  New  York,  N.  Y. 
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20  H.P.,  220  VOLT  ENCLOv^ED  MOTOR.  OPERATING  THREE-CAR  TIPPLE 
WITHERBEE,  SHERMAN  AND  CO.,  MINEVILLE,  N.  Y. 


*  "  In  modern  metal  mining,  the  exten- 
sive use  of  machinery  in  practically  all 
operations  haa  rendered  the  cost  of  power 
an  item  of  increasing  importance  in  the 
total  cost  of  production  and  in  many  in- 
ijtances  it  has  become  the  controlling 
factor  in  determining  the  obtainable  mar- 
gin of  profit." 


"The  engineers  of  the  mining  c 
panics  are,  aa  a  role,  fully  aware  of 
economy  and  high  efficiency  ohtain 
by  the  electric  generation,  distribr.' 
and  application  of  power,  and  as  a  rn 
in  practically  all  new  development 
appreciable  size,  electricity  is  used  e.: 
wholly  or  in  part." 


The  paragraphs  above  are  from  our  new  bulletin  **  Electric- 
ity in  Metal  Mines  " — a  complete  study  of  the  advantages  and 
uses  of  electricity  in  representative  metal  mines,  such  as  the 
Calumet  and  Hecla,  Witherbee,  Sherman  and  Co.,  and  many 
others.     A  postal  to  our  nearest  office   brings   your  copy. 

General  Electric  Company 

Largest  Electrical  Manufacturers  in  the  World 
General  Offices:   Schenectady,  New  York 

DISTRICT  OFFICES  IN 
Boston,  Mass.  New  York.  N.  Y.  Philadelphia,  Pa.  Atlanta,  Ga. 

Cincinnati,  Ohio  Chicago,  111.  Denver,  Colo.  San  Francisco.  C 
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;,  -     Excellence-' 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


'4       r      .  .         <i'>' 


Digitized  by 


Google 


itized  by  Google 


t 


Digitized  by  VjOOQ IC 


